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ABSTRACT
Wetland loss in Terrebonne and Lafourche Parishes, 
Louisiana, largely results from two subsurface processes:
1) consolidation of recently deposited deltaic materials, 
and 2) active faulting. The impact of each is addressed.
Cryogenic sampling techniques were utilized to obtain 
in-situ sediment samples from seven (7) modern deltaic 
environments in the greater Mississippi River delta plain. 
Consolidometer testing identifies peaty facies as most- 
subject to consolidation settlement, followed by prodelta 
and bay mud facies. Sandy facies from the other tested 
environments are not subject to significant consolidation 
settlement. Compression index values generated here are 
used to calculate settlement in a vertical stack at the P-l- 
90 and P-6S-93 borings. Results indicate most settlement 
occurs in the uppermost two (2) meters of section, although 
the uppermost ten (10) meters are identified in density 
studies.
Data indicate a direct relationship between the 
thickness of peaty facies capping the recently abandoned 
Lafourche Delta and present patterns of coastal tract land 
loss. Locally, consolidation settlement is high where the 
thickness of consolidation-prone peaty sediments is great 
and vice versa. Interdistributary areas contain thick 
deposits of peaty sediments, and these areas are 
preferentially being lost to the expansion of greater
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Terrebonne Bay. A model for the development of Terrebonne 
Bay, which includes initiating erosion and subsequent 
compactional deformation, is proposed.
Active faults produce thicker Topstratum and Lafourche 
Delta sections and preferentially accumulate consolidation- 
prone sediments on their downthrown sides. The mapped 
distribution of faults is coincident with new areas of marsh 
development in the western and central parts of the study 
area.
xix
INTRODUCTION 
Study Area Defined 
The study area for this dissertation is located in 
Terrebonne and Lafourche Parishes, Louisiana (Figure 1).
The study area is roughly 64 km W-E, and 63 km N-S and 
occupies over 4000 km2. This area has been highly impacted 
by coastal land loss. The coastal area represented by 
Terrebonne Bay, Lake Barre, and Lake Felicity have only 
recently been lost to subsidence and subsequent marine 
encroachment. These bays are brackish and microtidal 
(Gosselink, 1984) and exhibit nearly uniform water depths of 
approximately 1.5 m (Thompson, 1951).
Statement of Problem 
Louisiana's coastal wetlands are presently being 
converted to open bays at alarming rates. Gagliano et al. 
(1981) reported that rates of land loss have increased from 
17.4 km2/year in 1913, to 72.8 km2/year by 1967, and 
projected these rates to a value of 102.0 km2/year in 1980. 
Britsch and Kemp (1991) published high land loss rates of
108.5 km2/year for the period 1956-58, declining to
79.5 km2/year for the period 1974-83. Numerous other 
authors (e.g., Morgan and Larimore, 1957; Penland et al., 
1987a; Coleman and Roberts, 1989; and Penland et al., 1989) 
have published or referred to similar rates. Despite 
differences in absolute values, there is concensus among
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Figure 1. Study area, Terrebonne and Lafourche Parishes, 
Louisiana.
coastal scientists that wetland loss is a threat to the 
economy and ecology of this region. Louisiana's coastal 
zone contains 40% of the nation's wetlands and is impacted 
with 80% of the nation's wetland loss (Penland et al. 1990).
A comparison of an 1853-vintage shoreline map and a 
1978-shoreline map (Figure 2) illustrates this problem. In 
the 1853 map, marsh terranes of mainland Louisiana approach 
and nearly make contact with a well-developed, unbroken 
barrier island, and Pelto Bay is but a shallow paralic 
lagoon. One hundred twenty-five years later, the Isles 
Dernieres barrier island has been breached at several 
points. Vine Island (present on the 1853 map) is no longer 
a subaerial feature; Pelto Bay lagoon is greatly expanded, 
and the once-contiguous marsh is disintegrating into a 
series of marsh islands. This is a dramatic illustration of 
the rates at which Terrebonne Parish, Louisiana, is losing 
its coastal wetlands to open water.
Coastal land loss and subsequent encroachment of the 
marine environment are conditions endemic to deltaic 
terranes (Russell, 1936; Morgan, 1973; Coleman et al.,
1991a). Delta abandonment, which occurs on a time scale of 
approximately 1,000 - 1,500 years (Coleman et al., 1964a; 
Coleman and Roberts, 1991) is accompanied by relative sea 
level rise, i.e., a net rise of sea level due to either the 
eustatic sea level rising, the land sinking, or a
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Figure 2. A comparison of an 1853 shoreline map with a 
1978 shoreline map (Penland and Boyd, 1981).
combination of these two factors. Relative sea level rise 
refers to the long-term absolute vertical relationship 
between land and water (Penland et al., 1989). It is 
governed by several factors (Figure 3), including eustatic 
sea level; geosynclinal downwarping of the basin; primary 
consolidation of sediments; secondary consolidation; 
tectonic activity; subsurface fluid withdrawal; 
anthropogenic activities related to compaction of surficial 
soils; amount of sediment input; and hurricane-related 
erosion (modified from Kolb and Van Lopik, 1958; Roberts, 
1985; Ramsey et al., 1989). With the exemption of eustatic 
sea level, amount of sediment input and hurricanes, the 
remaining factors are components of subsidence. Subsidence 
is defined here as the downward displacement of the delta 
plain surface as a function of factors listed on Figure 3 
with respect to mean sea level (Penland et al., 1989).
Penland et al., (1987) argue rapid relative sea level 
rise rates approaching 1.1 cm/year in coastal Louisiana 
cannot be caused by current world-wide eustatic rise rates 
of 0.12 cm/year or the Gulf of Mexico average rise rates of 
0.23 cm/year (Gornitz et al., 1982), alone. Roberts (1985) 
reported wetland subsidence rates in Terrebonne Parish 
ranged between 0.29 cm/year and 0.43 cm/year, a rate
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Figure 3. Factors contributing to relative sea level rise 
and subsidence in the Mississippi River deltaic 
plain (Kolb and van Lopik, 1958; modified by 
Penland et al., 1989).
exceeding the eustatic rise rate. In fact, data indicate 
76% of the relative sea level rise in the Terrebonne delta 
plain is attributable not to eustatic rise, but to 
subsidence (Ramsey and Penland, 1989). Subsidence in 
coastal Louisiana contributes between 29% and 83% of the 
relative sea level rise (Ramsey and Penland, 1989), the 
mechanism for which will be the central theme of this 
dissertation.
The major problem being addressed in this dissertation 
study is the relationship between the thickness of 
consolidation-prone sediments and their attendant 
geotechnical properties, with observed patterns of wetland 
loss. Two scales of thickness are examined: 1) Lafourche
Delta thickness, especially the thickness of the most 
consolidation-prone facies within this subcropping delta; 
and 2) Topstratum thickness, i.e., depth to top of 
Substratum sands and gravels. These variables exert primary 
control over the spatial distribution of many recent land 
loss patterns and largely explain coastal tract versus 
interior tract land loss, respectively.
Operating Hypotheses for Dissertation
The operating hypotheses for this dissertation consist 
of one major hypothesis and two minor hypotheses and are 
expressed as follows:
Major Hypothesis
Wetland loss in Terrebonne and Lafourche Parishes, 
Louisiana, is largely controlled by subsurface processes. 
Minor Hypothesis #1
Coastal tract wetland loss, i.e., land loss occurring 
in the vicinity of the present coastline, is controlled 
largely by the distribution and thickness of sedimentary 
facies subject to high rates of consolidation, specifically 
from the recently abandoned, subcropping Lafourche Delta. 
Minor Hypothesis #2
Interior tract wetland loss, i.e., land loss occurring 
interior to the present coastline, is controlled largely by 
subcropping active faults. Downthrown sections are thicker 
and composed of more consolidation-prone materials than 
upthrown sections.
Related Studies
The relationship of deltaic soil consolidation to 
subsidence and apparent sea level rise in coastal Louisiana 
was addressed by Fisk et al. (1954) when he observed 
pronounced effects of compaction beneath bar finger sands on 
prodelta muds at Southwest Pass. Morgan and Larimore (1957) 
suggested that subsidence rates of deltaic plains following 
abandonment are initially high then decrease with time, and 
proposed the rate of compaction varies with the thickness of 
a delta, i.e., thin deltas subside slowly whereas thick 
deltas subside rapidly. Kolb and van Lopik (1958) published
a report which summarized the factors contributing to 
subsidence in the Mississippi deltaic plain. Fisk (1958) 
reported on the subsidence of thick natural levee systems 
near the mouth of the Mississippi River and illustrated how 
they revert to marshlands with time. Morgan (1973) 
illustrated how the subsurface geotechnical framework of 
interdistributary areas leads to preferential subsidence and 
bay development. Roberts (1985) proposed that areas of high 
subsidence rates in the Mississippi deltaic plain coincide 
with thick Holocene valley fill, while areas of low rates 
coincide with Holocene thins. Penland et al. (1988) 
synthesized several of these previous studies in addressing 
relative sea level rise in Terrebonne Parish, Louisiana.
Engineering reports on the properties of Mississippi 
River alluvial soils were produced by Sherman and Hidjakis 
(1962) and by Montgomery (1974) for the U.S. Army Corps of 
Engineers Waterways Experiment Station, the latter 
correlating geologic facies to engineering properties.
Scruton (1960) and Coleman et al. (1964a) introduced 
the concept of cyclic depositional units essential to 
understanding the stacking possibilities of deltaic facies 
under load. Been and Sills (1981) measured the nuclear 
density in compacting sediment layers, and concluded that 
consolidation occurs as a result of the self-weight of soil 
particles.
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Rosters and Bailey (1983) published measurements on the 
low in-situ bulk density for organic soils and peats in the 
adjacent Barataria Basin. Knaus (1986) developed a 
cryogenic sampling technique to obtain representative 
samples of in-situ soil conditions.
Houseknecht (1989), Lundegard (1991), and Atkins and 
McBride (1992) studied modern sand deposits and indicate 
sands undergo only minor reduction in volume with burial. 
Sands do not contribute to massive volume loss associated 
with consolidation, although such loss could be caused by 
the loading of a sand body on a deformable substrate. The 
author believes certain surficial soils, e.g., organic 
soils, and mixed organic and clay systems (peats and 
prodelta/bay muds, respectively), are the principal units on 
the deltaic plain which consolidate rapidly. An 
understanding of the consolidation characteristics of each 
facies constituting individual deltaic cycles allows us to 
model the sum, as in the case of the shallow subsurface 
Lafourche Delta. This paper will address wetland subsidence 
using soils engineering and subsurface stratigraphic 
modeling within the greater framework of the Topstratum 
cyclic sequence.
THE DELTA CYCLE 
Physiographic Setting 
Wetland loss in deltaic terranes is significant in both 
the upper and lower deltaic plain. The lower deltaic plain, 
however, is influenced by both riverine and marine processes 
(Coleman and Prior, 1981) and converts from the subaerial to 
the subaqueous realm when deltas become abandoned. The 
lower deltaic plain is the site for deposition of great 
thicknesses of recently deposited, unconsolidated clastic 
materials, and becomes the site for rapid subsidence as 
shallowly buried sediments undergo consolidation. The study 
area for this dissertation is located entirely within the 
lower deltaic plain (Figure 4).
A major characteristic of modern Mississippi River 
sediments is the orderly, cyclic repetition of depositional 
sequences (Coleman et al., 1964a) and the cyclic repetition 
of facies within these sequences. This cyclicity is termed 
"the delta cycle," and it ranges in spatial and temporal 
scales from large delta lobes to small crevasse splays.
Early work by McIntyre (1954) and later by Kolb and van 
Lopik (1958) emphasized the cyclic nature of deltaic 
deposition. Scruton (1960) recognized growth and 
abandonment phases in deltaic deposits, referring to these
11
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as the constructional and destructional phase, respectively. 
Miall (1979) referred to these phases as the progradational 
and abandonment phases. Cyclicity is an attendant property 
of deltaic sediments, especially in river-dominated systems.
The present-day (Holocene) coastal wetlands in south 
Louisiana have formed within the past 7,000 years as 
shifting deltaic lobes of the Mississippi River deposit 
these cyclic sequences. Louisiana's coastal wetlands are in 
a perpetual state of change (Coleman et al., 1991a).
The duration of each delta cycle is approximately 1,000 
years (Roberts, 1982; Roberts et al., 1991) to 1,500 years 
(Coleman et al., 1991a). Individual deltaic cycles are the 
fundamental units comprising the Holocene valley fill, and a 
knowledge of their characteristics and geotechnical 
properties should lead to predictable subsidence models at 
the level of a single deltaic sequence, and at the level of
stacks of such sequences.
Typical Holocene Cycle 
Experience gained in examining numerous cores and deep 
borings during the course of this study has led to the
development of an operational model for deltaic cyclicity
(Figure 5). This model best-describes the delta cycle in an 
interdistributary setting, like that in present-day 
Terrebonne Bay.
The cycle begins as the previous delta, with its fine­
grained organic cap (designated "FGC"), subsides and is
14
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transgressed by an estuarine or marginal marine water body, 
often resulting in the deposition of a thin, transgressive 
silt (designated "TS"). As the transgression proceeds 
(i.e., the previous delta continues to subside), a bay 
occupies the area which was marsh in the prior delta, and 
dark gray, shelly bay muds are deposited. These bay muds 
represent the finest grained member in a basal coarsening- 
upwards sequence, and probably represents the maximum 
flooding event. A new progradational constructive episode 
is introduced with the onset of lenticular silts in the 
clay, followed vertically in sequence by silty clays, silts, 
and finally sand, usually very fine grained. The sand body 
may be thin, or it may scour locally and erode into 
underlying units, possibly cutting entirely through to the 
base of this cycle, possibly into previous cycles. Sands 
deposited in the middle of the cycle are the norm, and 
represent the zenith of the constructional, coarsening- 
upwards sequence. As this phase wanes, a fining-upwards 
sequence is exhibited, i.e., silts, followed vertically by 
silty clays, then grading into a fine grained, organic unit, 
a marsh deposit.
Peats, often a succession of two to three thin peats, 
and organic rooted clays characterize the abandonment phase 
of this cycle. Peats typically cap each deltaic cycle, and 
successive peats, or the uppermost peat in a successive 
series of peats, represent the limits of individual cycles.
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The uppermost peat is invariably eroded, and unconformably 
atop this transgressive surface, which will be referred to 
as a "ravinement surface" (Penland et al., 1985; Suter et 
al., 1987; Penland et al., 1987b; Thomas and Anderson, 
1988;), or as a "ravinement diastem" (Nummedal and Swift, 
1987), lies the basal sediments of the following delta 
cycle.
Coleman et al. (1964a) recognized the cyclic 
alternations of detrital and non-detrital components in 
delta lobes, and stated, "Each major lobe is comprised of a 
detrital lens, or complex of lenses, and generally bounded 
on all sides by essentially non-detrital sediments 
indigenous to the basin of deposition."
Deltaic Response to Relative Sea Level Changes
A model describing the sedimentological process 
response to relative sea level change is proposed in Figure 
6. The model is intended to show that during the interval 
in which the organic marsh deposits of the underlying delta 
were actively forming, the vertical accretion rate of marsh 
materials was sufficient to keep pace with subsidence, and 
the marsh maintained subaerial status, thus a relative sea 
level fall. At some time thereafter, the marsh failed to 
keep pace with subsidence rates, and it was transgressed by 
an estuarine bay, thus a relative sea level rise was 
experienced, the magnitude of the rise indicating the
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maximum flooding event is not located at the transgressive 
silt, rather, perhaps 1 m above, in the shelly biofacies.
Bay bottom sediments are extensively bioturbated.
Following bay development, an active, prograding delta 
begins discharging into the bay, relative sea level begins 
to fall, culminating in a rapid fall when coarse elastics 
enter the bay. Channel and levee constructional features 
develop (representing the highest topographic features built 
on the delta plain), and a rapid relative sea level fall is 
experienced. These sediments are bioturbated lightly, if at 
all, and not by marine organisms, but rather by root 
disturbance, insect, and animal burrowing.
As the delta is abandoned, sedimentation rates are not 
sufficient to keep pace with subsidence, and the region 
begins a slow transformation into marsh terranes, which are 
lightly to extensively bioturbated. Episodically, marsh 
vegetation overcomes the subsidence rates and a relative sea 
level fall is experienced. Eventually, marsh accretion 
becomes less than the combined effects of subsidence, and a 
new cycle is initiated, resulting in a relative sea level 
rise, followed by the deposition of extensively bioturbated 
bay muds.
The thickness of individual delta cycles varies in 
literature. Roberts and van Heerden (1992) report the new 
Atchafalaya and Wax Lake deltas are generally less than 3 m 
thick, but include only the progradational, constructive
19
phase. Penland et al. (1988) and McBride et al. (1990) 
indicate the Lafourche delta complex averages 7-8 m 
(compacted) thickness, increasing to as much as 20 m 
thickness in areas of distributary channeling.
It is generally accepted that conditions of regression, 
transgression, and shoreline stasis represent an equilibrium 
response between a number of geological factors, including 
the rate of terrigenous sediment input, accommodation space, 
and the rate of relative sea level change (Sloss, 1962; 
Curray, 1964; Vail et al., 1977). Muto and Steel (1992), 
however, demonstrate that if relative sea level rise occurs 
at a constant rate, the shoreline of the delta will 
inevitably begin to retreat in an early stage of the delta's 
progradation. The destructional phase of deltas is an 
inherent, dynamic property of deltaic coastlines, especially 
in river-dominated deltaic settings.
Representative Environments of Deposition 
Numerous authors have recognized the major environments 
of deposition in the lower delta plain to shallow subaqueous 
setting (Reineck and Singh, 1973; Coleman and Prior, 1981; 
Roberts and van Heerden, 1992; and many others). Deltaic 
environments produce distinct sediment types, all of which 
are laterally and vertically gradational into adjacent 
environments. In this study, the term facies will be used 
to describe these unconsolidated sediments, and facies
20
tracts to define genetically interconnected, isochronous 
facies units, as per Teichert (1958).
The major facies types, or lithofacies, present in the 
study area can be summarized as follows: 1) peat marsh,
specifically salt and brackish marsh; 2) bay muds; 3) 
prodelta muds; 4) natural levee; 5) splay or bay fills; 6) 
distributary mouth bar sands; 7) beach or barrier sands; and 
8) point bar or channel fill sands.
MODERN ENVIRONMENT TESTING 
Test Sites
Modern deltaic facies were sampled for geotechnical and 
sedimentological testing (Figure 7). The objectives of this 
part of the study were twofolds 1) If the consolidation 
properties of a facies-type under load are known, then 
quantitative predictions can be made regarding its 
settlement potential in the field; and 2) If the 
sedimentologic properties of each facies-type are known, 
then these units can be mapped, and their subsurface 
dimensions can (with the help of cross sections), be 
determined.
Splay (bay fill) complexes will not be modeled in this 
report. Splay complexes consist of a myriad of sediment 
possibilities (Coleman and Prior, 1981; Galloway and Hobday, 
1983; Reineck and Singh, 1973), thus would represent a 
corresponding myriad of geotechnical possibilities.
Instead, splay complexes will be modeled as a natural levee- 
type sediment (refer to Figure 7). Both are silt-rich 
deposits in the study area.
Cryogenic Sampling
Kosters (1989) utilized radiocarbon age data correlated 
with organic soil properties and determined that large 
increases in compaction occur in the uppermost 1.0 m of 
vibracored sediments. Kosters (1989) concluded that 80% of 
the total compaction an organic soil experiences to the base
21
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Figure 7. Sampling localities for modern environments 
testing, greater Mississippi Delta region, 
south Louisiana.
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of the Holocene takes place in the uppermost 2.0 m. 
Vibracoring, as well as other sampling technologies, 
disturbs soil by reducing volume (i.e., length), increasing 
bulk density, and increasing pre-consolidation stress.
Cores thus obtained represent a distortion of in-situ 
properties, and are not representative of the section. 
Meaningful data on in-situ surface conditions and sediment 
properties are not possible with compressive sampling 
techniques. In addition, the bouncing and shaking that 
accompanies transportation of samples from the field further 
alters their properties.
To minimize such problems, the author developed a 
sampling apparatus called the liquid nitrogen (LN2) annulus 
coring device (Figure 8). This device is a modification of 
a method pioneered by Knaus (1986) and later used 
successfully to obtain in-situ soil accretion and bulk 
density values in wetland soils (Knaus and Cahoon, 1990). 
Soils are sampled in a modern, active depositional setting. 
Best results are obtained when the sampling site is directly 
at water's edge. In this way, the consolidometer trim ring 
(a bushing-like ring of known internal volume which holds 
the sample during soil consolidation testing) can be 
inserted into a water-saturated soil, tapered edge first, 
with little or no deformation. Procedure then involves 
excavating around the ring with a spoon or spatula to the 
base of the ring in the soil. A straight edge is then used
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Figure 8. Liquid nitrogen (LNZ) annulus coring device used 
to sample modern surficial soils with minimal 
deformation. Note: CV = containment vessel; TR = 
consolidometer trim ring. Method pioneered by 
Knaus (1986), modified by Kuecher et al. (1993).
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to trim excess soil flush with the top of the ring. Next, 
tygon tubing is attached to both the funnel on the ring 
stand and the containment vessel, the latter coupling made 
possible by a plastic hose connector. The containment 
vessel is placed around the trim ring core, and at this 
point, the device is readied for the liquid nitrogen (LN2) 
transfer (Figure 9). Approximately 2.5 liters of liquid 
nitrogen poured around the sample ensures a completely 
frozen sample. The freezing is completed in less than 30 s. 
The sample is then extracted and excess soil is trimmed from 
the base of the ring.
Frozen cores are wrapped in aluminum foil and packed in 
dry ice for transport back to the lab. The author 
recognizes a 1-3% increase in volume of soil upon freezing, 
resulting in a slight doming at the top of the ring. This 
effect is normalized upon thawing in the lab. At worst 
case, minimal remolding is required in preparing this sample 
for geotechnical testing. This sampling method represents a 
major advantage over traditional techniques.
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Figure 9. Sampling soils of the modern environment with 
the liquid nitrogen (LN2) coring device. Note: 
Sample is taken at water's edge to avoid pre­
consolidation bias.
GEOTECHNICAL PROPERTIES OF MODERN FACIES 
Consolidation Testing Theory
Terzaghi (1943) proposed the theory of one-dimensional 
consolidation after many years of collecting data. While 
assumptions are never completely met in practice and results 
are only estimates (Eckerd and Callender, 1987), this theory 
remains the most widely applied theory of consolidation. It 
assumes permeable drainage pathways above and below a sample 
and normally consolidated soils. The one-dimensional method 
numerically describes the compactional behavior of a given 
soil under an incremental loading schedule; the standard 
test for which is described in the ASTM Annual Book of 
Standards (1994e). It is beyond the scope of this report to 
determine degree of under-consolidation or degree of over­
consolidation of any of the soils (facies) studied.
When a saturated soil layer is subjected to an increase 
in stress, pore pressure is suddenly increased (Das, 1990). 
In sandy soils, which are highly permeable, this increase is 
dissipated almost immediately. In clay and organic clay 
soils, however, excess pressure due to loading dissipates 
over a long period of time because permeability in clay is 
so much lower than sand (Das, 1990). Pore water drainage, 
in both cases, is accompanied by a reduction in volume of 
the soil mass, and in natural settings results in 
settlement. The geotechnical difference between sands and
27
28
clays is fundamental, and concerns the magnitude and 
duration of a settlement event.
Methodology
The consolidometer device (Figure 10) is essentially a 
press. The micrometer above records strain deformation in 
units of .01 mm. Loading is scheduled in increments which 
double successively, as follows: 0.25 kgf/cm2, 0.50
kgf/cm2, 1. 0 kgf/cm2, 2 .0 kgf/cm2, 4.0 kgf/cm2, 8.0 kgf/cm2,
16.0 kgf/cm2, 32.0 kgf/cm2, and 64 kgf/cm2.
Sands are commonly initiated with loads of 1.0 kgf/cm2 
and terminate with loads of 64 kgf/cm2, while clays are 
initiated at 0.25 kgf/cm2 and terminate at 16 kgf/cm2. Each 
loading increment compacts the soil sample, and a scheduled 
record of deformation versus time is obtained. Decisions 
are made to increase the load increment when micrometer 
deformation does not change over a three-hour time interval.
Consolidation commonly occurs in three stages, as 
defined by the changing slopes on the deformation versus log 
of time plots, and these are designated as follows: 1)
initial compression, 2) primary consolidation, and 3) 
secondary consolidation (Figure 11). Initial compression is 
an effect mostly related to preloading, and it represents 
the buildup of excess pore water pressure. Primary 
consolidation occurs when excess pore water pressure is 
gradually transferred during the expulsion of pore water, 
resulting in rapid deformation over various durations of
29
DEFORMATION DIAL 
(MICROMETER)
SOIL S)AMPLE 
IN TRlfa RING
m / m m m w m m .
Figure 10. Diagram of a typical soil consolidometer. Soil
sample is housed in trim ring between two porous 
stone plates. Load is applied from above (P), 
and deformation of soil is measured by a spring- 
type micrometer.
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Stage I : \  Initial compression
Stage II: Primary 
consolidation
Stage III: Secondary consolidation
Time (log scale)
Figure 11. Phases involved in the consolidation settlement 
of a soil on a deformation versus logarithm of 
time plot.
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time. It is recognized as the steep slope on deformation 
curves. Secondary consolidation occurs after complete 
dissipation of excess pore water pressure, when deformation 
of the sample is attributed to the plastic readjustment of 
soil fabric (Das, 1990).
Casagrande and Fadum (1940) proposed a method for 
evaluating consolidation from consolidation profiles and 
called it the "Logarithm-of-Time" method. Contained therein 
were techniques to establish the zero-consolidation point 
and the 100% primary consolidation point for these curves.
Figure 12 illustrates the position for these points. 
Zero-consolidation is a theoretical back-calculation to 
indicate where deformation began at time zero, t0, and is 
calculated by selecting times tx and t2 on the curved 
portion shown, such that t2 = 4tx. A measure of the 
difference of sample deformation experienced during this 
time interval is x. If this vertical line is extended an 
additional distance, x, then we have approximated the 
position of deformation zero, d0, at time zero, t0. Drawing 
a line tangent to the steep primary consolidation slope and 
a line tangent to the shallow secondary consolidation slope 
produces a point of intersection which determines 
deformation at 100% primary consolidation, d100, and the time 
this deformation occurred, t100.
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DEFORMATION VS LOG OF TIME PLOT
400
0% CONSOLIDATION, 
dn =  4.24 mm
PRESSURE INCREMENT: 
from 2.00 -  4 .00  Kgf/cm
I \
t0 =  0 .70 miiv
500
100% CONSOLIDATION, \
d100 =  4.69 mm
100 = 140 min-
600 L  
0.1 100010 10,0001 100
TIME (min.)
Figure 12. Diagram illustrating techniques used to
establish zero-consolidation and 100% primary 
consolidation points on deformation versus 
logarithm of time plots.
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These techniques are contained within the ASTM Annual 
Book of Standards (1994e).
Following the acquisition of time-deformation plots for 
various soils through their entire loading schedule, an 
evaluation of the changing ratio of the increasing volume of 
voids to the shrinking volume of remaining solids must be 
undertaken. Void ratio, e, is the ratio of the volume of 
voids divided by the volume of solids in the trim ring, as 
per the equation, e Vv/Vs. Void ratio data for each tested 
facies is provided in Appendix A.
Procedure
In the lab, frozen samples were trimmed, a piece of 
filter paper was attached to the base of the sample, a pre­
weighed porous stone is secured beneath, and the sample is 
allowed to thaw for up to 24 hours in a high humidity 
storage locker. Minor remolding, if required, should be 
performed at this point. Once thawed, the upper surface is 
evened with a straight edge and the sample, trim ring, and 
bottom stone are weighed. Subtracting the previously- 
recorded mass of the ring and the bottom stone, a net mass 
for wet sample is obtained. This volume is also called 
initial mass (M*).
Consolidometer rings are of various sizes, and a 
determination of their initial volume (V±) is obtained as 
per the equation, v = nr2h. Dividing the net mass by the 
volume, an initial density, p±, measurement is obtained.
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This value is also called, wet density, pw. Following the 
final load increment in consolidation testing, the compacted 
sample, again, is tested, and final volume (Vf) and final 
density (pf) measurements are recorded and compared with 
initial readings.
Test Results
Included in the following test results are the log-time 
deformation curves, void ratio versus log of pressure plots, 
and other relevant test data for each of the seven (7) 
modeled facies in this study. Void ratio data is provided 
in Appendix A.
Peaty facies
Modern Spartina sp. soils (peaty facies) were 
crycgenically sampled in a rapidly-decaying marsh 0.5 km 
south of the Boudreaux Canal bridge on the west side of 
Highway 56, near Chauvin, Louisiana (Figures 7 and 101).
The area sampled is in an incipient state of decay, and 
marsh is rapidly being converted to open bays. These soils 
accumulate in the abandonment phase of the delta cycle and 
have formed as the Lafourche delta lost riverine input in 
favor of the Balize lobe. As these soils subside below mean 
water level, the uppermost part is often eroded. Peats are 
suspect facies in wetland loss because they are the 
stratigraphic members of the delta cycle which accommodate 
wetland loss; the mechanism for which is central to this 
dissertation.
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Peats, peaty clays, and organic mucks exhibit very 
distinct consolidation characteristics, and these have 
profound impacts on the subsidence of marsh lands in this 
study area.
Two deformation versus log of time plots are presented. 
Sample #1 (Figure 13) displays a continuous schedule which 
ranged between 1.0 kgf/cm2 through 8.0 kgf/cm2. The initial 
load, 1.0 kgf/cm2, reveals two distinct episodes of primary 
consolidation; the first attaining 100% primary 
consolidation at 6.25 minutes, and the second attaining 100% 
primary consolidation at 11,000 minutes. This result is a 
behavior not observed in remolded soils, and makes a 
statement not only for the heterogeneity of the in-situ 
condition, but also for the freezing technique with which 
these were obtained. Loxham and Burghardt (1986) studied 
the structural organization of peats and reported they are 
characterized by large and small drainage channels, the 
collapse of such could be reason for the double episode of 
primary consolidation observed here. Another important 
element is the total deformation which occurs with the 
minimal load increment, 1.0 kgf/cm2. The initial height of 
the specimen was 2.0 cm, and over one-half of this 
(approximately 11 mm) has settled due to compaction in this 
initial loading. These are critically sensitive soils; the 
magnitude of the settling event and the resolution observed 
are not possible to define with traditional compressive
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MODERN SPARTINA SOILS
(Sample #1, small ring, LHC)200
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= 11.000 min
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Figure 13. Deformation versus the log of time plot for 
Spartina-type soil #1 in the Terrebonne 
marsh near Chauvin, Louisiana.
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sampling techniques. Subsequent loadings through 8 kgf/cm2 
illustrate the second important concept regarding the 
behavior of peats. Deformation is characterized by 
secondary consolidation, and this deformation occurs over 
very long intervals of time. A projection of the linear 
secondary consolidation trends indicates peaty soils will 
continue to settle for more than 100 years without reaching 
equilibrium. MacFarlane (1959) reviewed the long-term 
consolidation characteristics of peat and concluded the log­
time settlement curve becomes a straight line approximately 
a minute after the load is added, and remains a straight 
line for the period of observation, i.e., up to 2.5 years. 
Ryer and Langer (1980) estimated an 11:1 shrinkage 
coefficient in the transformation of peat to bituminous coal 
in Utah, indicating these organic sediments are highly 
compactable.
Log-time deformation plot for sample #2 (Figure 14) is 
a classical profile in peat deformation. Nearly all of the 
deformation is due to secondary consolidation, and the 
deformation continues for over 100 years, as with the 
previous plot. Whereas Sample #1 initiated loading at
1.00 kgf/cm2, this sample was gradually compacted with a 
load at 0.25 kgf/cm2, and 0.50 kgf/cm2. The profile for
1.00 kgf/cm2 reached a cumulative settlement mark of almost
9.00 mm, again about one-half the original height of the
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Time in minutes
100.01.0 1000.0 10.000.010.0
MODERN SPARTINA SOILS
(Sample #2, large ring, RHC)
t 100 = 14 min
ZONE OF I
PRIMARY CONSOLIDATION
200
ZONE OF
SECONDARY CONSOLIDATION 
 9^%/cny
400
t loo = 0.57 min
600
800
1000
1200
1400
t 100 = 14 mint 100 =  0.57 min
1600
Figure 14. Deformation versus log of time plot for
Spartina-type soil #2 in the Terrebonne marsh 
near Chauvin, Louisiana.
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sample (20.00 mm), approaching 50% subsidence. A knowledge 
of the thickness of peats, it follows, will allow us to 
predict local subsidence patterns. Snowden et al. (1977) 
reported that the subsidence near New Orleans International 
Airport is directly proportional to the thickness of 
subcropping peats. This result has important consequences 
to subsidence of wetlands.
Void ratio versus the log of pressure plots for these 
two samples are provided. Figure 15 is a void ratio versus 
the log of pressure plot for two samples of Spartina sp. 
soils from Terrebonne marsh. The slope on these curves is 
steep, as these soils compact a great deal upon loading.
Bay mud facies
Bay muds were cryogenically sampled behind the 
Louisiana Universities Marine Consortium (LUMCON) facility 
in Cocodrie, Louisiana (refer to Figure 7). Bay muds are 
soft gray clays and silts found as a thin veneers (0-2.0 m) 
flooring marsh tidal channels and estuarine bays. Bay muds 
immediately overlie peat marsh soils of the underlying 
delta, and represent the basal transgressive unit on which a 
new delta complex will later build. A carpet of bay muds 
drape most areas recently converted to open water. For this 
reason, bay muds are a suspect facies in the wetland loss 
scenario.
A deformation versus the log of time plot for this bay 
mud sample is presented (Figure 16). This sample was run at
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Figure 15. Void ratio versus the log of pressure plot for 
Spartina-type soil #2 in the Terrebonne marsh 
near Chauvin, Louisiana.
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Figure 16. Deformation versus log of time plot for bay mud 
facies, LUMCON facility, Cocodrie, Louisiana.
the Louisiana Transportation and Research Commission Soils 
Laboratory near LSU, and was run on English terms of 
tons/ft2, and converted to kgf/cm2. Peculiarities in this 
soil's compressive behavior consist of the following: 1)
long intervals of initial compression; 2) shallow slopes and 
moderate magnitude for primary consolidation; and 3) long 
runs of secondary consolidation. The initial height of this 
sample was 2.0 cm (2000 on this scale) and considerable 
settlement occurs in each loading. The t100 position is 
erratic through the 0.98 kg/cm2 loading, but stabilizes at 
about 100-200 minutes for subsequent runs.
The void ratio versus the log of pressure plots for 
this bay mud sample is provided (Figure 17). The slope on 
this plot is steep. Void ratios are low at the termination 
of this test, as almost 1.15 cm of the 2.0 cm initial height 
of this sample has settled due to compaction.
Prodelta mud facies
Prodelta muds are presently being deposited offshore of 
the modern Balize delta. In order to sample these modern 
muds, in-situ, the author participated in a research cruise 
aboard the R/V Pelican, a Gulf of Mexico research vessel 
operating out of the LUMCON facility, Cocodrie, Louisiana. 
The cruise, under the direction of the Virginia Institute of 
Marine Sciences, established a number of N-S transects, the 
unique station identity for each determined by the depth of 
water, in meters, at each station.
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Figure 17. Void ratio versus log of pressure plot for bay 
mud sample, LUMCON facility, Cocodrie, 
Louisiana.
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Prodelta sampling localities for this study (Figure 18) 
were down-current from the Southwest Pass distributary. 
Sample location B20 was located along VIMS transect B in 
20 m of water, and designated "Prodelta Upper" because of 
shallow water sampling depth and proximity to the source of 
sediments. Location D50 was located along VIMS transect D 
in 50 m of water, and designated "Prodelta Lower" because 
it is in deeper water and is more distal to the source of 
sediments. Sampling was accomplished with a large box 
coring device dropped from the back of the R/V Pelican. Box 
cores were opened on the back of the ship, where cryogenic 
and X-ray radiograph samples were obtained.
An X-ray radiograph print of B20 is shown (Figure 19). 
In the uppermost few centimeters, a large burrow is in 
evidence, the ichno-trace of a burrowing clam. The relative 
brightness of this image indicates mud composition is silty 
(Hamblin, 1962; Coleman, 1966). Sediments are extensively 
bioturbated.
In contrast, the X-ray radiograph print for the D50 
location (Figure 20) reveals a darker image, indicating very 
fine-grained sediments with a fair amount of organics 
(Hamblin, 1962; Annual Book of ASTM Standards, 1994b; 
Coleman, 1966; Roberts and van Heerden, 1992). Polychaete 
worm trails are the dominant burrow trace.
At both locations, the uppermost few centimeters 
consist of a dark, yellowish-gray "mousse" (10YR 4/2),
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Figure 18. Prodelta sampling locations aboard the R/V 
Pelican cruise.
0 1 2 3 4 5 cm
. ' \ j e A ' s J d S U i  " ■ -
Figure 19. Prodelta-upper sediments, B20, in X-ray
radiograph. Note the brightness, indicative of a 
silty section, and the well-preserved burrow 
trail of a clam.
Figure 20. Prodelta-lower sediments, D50, in X-ray
radiograph. Note the dark tones, indicative of 
dispersed fine-grained organics, and the 
numerous polychaete burrow trails.
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giving way to olive gray (5Y 3/2) muds at B20 and medium 
dark gray (N4) muds at D50.
The deformation versus the log of time plot for B20, 
Prodelta Upper, is provided (Figure 21). Load intervals 
0.5 kgf/cm2 and 1.0 kgf/cm2 exhibit large primary 
consolidation deformations. Large deformations could be due 
to the sensitive condition of these soils or it could be 
due to burrow caving. Subsequent tests are attenuated, 
secondary consolidation is flat, and t100 is stabilized 
between 39 and 69 minutes. Cumulative consolidation 
settlement is high, as well over 1.2 cm of the original 
sample height of 2.0 cm has been lost to compaction by the 
end of the loading schedule,. Prodelta Upper sediments, like 
these, might be most-representative of prodelta soils in 
ancient, shallow progradational settings.
Prodelta Lower sediments, D50 location, behave more 
uniformly under load (Figure 22). The largest primary 
consolidation episode occurs with the initial load, 0.25 
kgf/cm2, and by load 4.0 kgf/cm2, and subsequent intervals, 
deformation by compaction is entirely due to secondary 
consolidation.
Void ratio versus log of pressure plots for these two 
prodelta soils are presented in Figure 23. The slope is 
steep, identifying it as a deformable sediment under load.
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21. Deformation versus the log of time plot for 
prodelta-upper sediments, B20 location.
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Figure 22. Deformation versus the log of time plot for 
prodelta-lower sediments, D50 location.
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Figure 23. Void ratio versus the log of pressure plot for 
two prodelta sediment types, prodelta-upper and 
prodelta-lower.
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Natural levee facies
Natural levee facies were cryogenically sampled outside 
of the study area, on the Lower Atchafalaya River, south of 
Amelia, Louisiana (refer to Figure 7). Although natural 
levees are common within the dissertation study area, they 
are old and preconsolidated. This site, on the Lower 
Atchafalaya River, features recently emergent subaqueous 
levees, or channel bars. These soils consist of silty 
sands, and are moderately well sorted (see Appendix A).
A plot of the deformation versus the log of time for 
this sample is provided (Figure 24). Deformation is largely 
instantaneous (notice the large incremental jumps between 
load increments at time of 0.1 seconds) and subsequent 
deformation appears to be a secondary consolidation 
response. Sands do not deform elastically (Das, 1990?
1992), as did the previous clay-rich samples. Cumulative 
settlement is small. For this reason, natural levee facies 
are not suspect in the wetland loss problem. In fact, 
natural levees are the most prominent physiographic feature 
which extends into open marsh terranes. Russell (1936) 
recognized "double islands" in St. Bernard Parish (remnant 
natural levee features) as evidences of drowning of the 
marshlands.
The void ratio versus the log of pressure plot for this 
sample is provided (Figure 25). The slope of this curve is 
not steep. Sands and silty sands are not subject to
10.0
Time in minutes 10,000.0
100.0__  'oou:_________ I
°j " ' NATURAL LEVEE
 ■-------------------- ------------ ----------— - , , 1 Kgf/cm 2
2 Kgf/cm2
4 Kgf/cm2
8 Kgf/cm2 
8 Kgf/cm2
Figure 24. Deformation versus the log of time plot for 
natural levee facies.
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substantial settlement. Splay sands and silty sands are 
modeled as natural levee in this report.
Distributary mouth bar facies
Distributary mouth bar sands are actively being 
deposited at the mouth of the modern Balize delta lobe. 
Cryogenic sampling was performed on the South Pass mouth 
bar, near water's edge, approximately 200 m southwest of a 
beached vessel, Lady Kimberly (Figure 26). Distributary 
mouth bar sand bodies are characterized by large quantities 
of transported, woody, detrital, "coffee ground" organics 
(Coleman and Roberts, 1989; Roberts, 1986b; Weimer, 1973).
Two samples were prepared for consolidation testing.
The first was obtained by standard cryogenic sampling, 
whereas the second was re-molded in the lab and consisted of 
50 volume% fine organics. It was designated as file "MBSO," 
or mouth bar sand with organics.
The deformation plot versus log of time for the 
cryogenically sampled mouth bar sand, MBS, is presented 
(Figure 27). These are fine grained sands (see Appendix A) 
and do not readily compact. Largest increases in 
deformation occur in the highest load stress increments, 
quite the opposite for elastic clays. Following immediate 
settlement, these profiles are characterized by very slight 
secondary consolidation.
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Figure 26. Cryogenic sampling of the distributary mouth bar 
facies. Note the large amount of transported 
organics atop the sand body. A beached vessel, 
Lady Kimberly, is about 200 m distant.
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Figure 27. Deformation versus the log of time plot for
distributary mouth bar sand facies, MBS, South 
Pass, Louisiana.
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The void ratio versus log of pressure plot for MBS 
(Figure 28) indicates a flat slope; a slope not indicative 
of great deformation upon loading.
By contrast, sample 2, MBSO, was remolded in the 
laboratory to consist of 50% by volume coffee ground 
organics (Figure 29). A loading schedule initiated at
0.5 kgf/cm2 and terminated at 32 kgf/cm2 is designed to 
resolve the lower end of the consolidation spectra, where 
the effects of entrained organics would be most pronounced.
The void ratio versus the log of pressure plot for the 
mouth bar sand with organics, MBSO, is provided (Figure 30). 
A rather steep decline in void ratio is evidenced. Thick 
layers of detrital organics would compact readily in the 
subsurface, whereas the greater sand body is not subject to 
high rates of compaction.
Beach facies
Modern beach deposits are actively forming at Grand 
Isle, Louisiana (refer to Figure 7). These sediments are 
largely fine to very fine-grained sands (see Appendix A).
The deformation versus log of time plot for beach sands 
is provided in Figure 31. These sands, like the previous 
case, deform instantaneously when load is applied, and very 
slow secondary consolidation characterizes its long-term 
settlement.
The void ratio versus the log of pressure plot for this 
sample (Figure 32) shows that beach sands exhibit a low
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Figure 28 Void ratio versus the log of pressure plot for 
distributary mouth bar sand facies, MBS, South 
Pass, Louisiana.
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Figure 29. Deformation versus log of time plot for
remolded distributary mouth bar facies with 50 
volume% woody, detrital organics, MBSO.
Vo
id
 
ra
ti
o,
61
3.5
Q
2.5
1.5
1
0.5
0
0.1
MBSO
1 10 1 0 0
Pressure (kgf/cm )
Figure 30. Void ratio versus log of pressure plot for
remolded mouth bar facies with 50 volume% woody, 
detrital organics, MBSO.
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Figure 31. Deformation versus the log of time plot for 
beach sand facies, Grand Isle, Louisiana.
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Figure 32. Void ratio versus the log of pressure plot for 
beach sand facies, Grand Isle, Louisiana.
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initial void ratio, probably because fine, mature, rounded 
grains pack so well. The slope on the diagram is very low; 
parallel in-fact to other sands tested in this study. 
Consolidation settlement potential for beach sands is low.
Point bar facies
Point bar sands were cryogenically sampled at 
Plaquemine Point (refer to Figure 7). Although these 
samples were taken near the low water point of the river 
(Figure 33), recently deposited, fine-grained point bar 
sands (see Appendix A) were found at water's edge.
A plot of deformation versus log of time is presented 
(Figure 34). Typical of sands sampled elsewhere in this 
study, very little deformation occurs. Consistent with 
other examples, deformation occurs instantaneously at the 
initiation of new loads. Compaction increases as the load 
increases.
The void ratio versus log of pressure plot (Figure 35) 
has a very low slope, indicating this facies does not have 
much potential for consolidation settlement.
Unified Soil Classification
Geotechnical tests performed on additional test 
materials obtained on-site include determinations of the 
natural water content, liquid limit, plastic limit, 
plasticity index, unit weights, and grain size distribution 
for these samples. Water content tests and unit weight 
determinations were performed on all samples; liquid limit,
Figure 33. Cryogenic sampling locality for point bar 
facies, Plaquemine Point, Louisiana.
De
fo
rm
at
io
n 
(m
m
)
66
0.50 kgf/cm2
*  1.00 kgf/cm2
2.00 kgf/cm2
*  4.00 kgf/cm2
8.00 kgf/cm2
*  16.0 kgf/cm2
32.0 kgf/cm2
0.1 1 10 100 1000 104
Time (min)
♦ —,
> I *
o «>A^>
4- -f- ■-H-
:r--- Cr- S' £
H ► h I®
Figure 34. Deformation versus log of time plot for point 
bar facies, Plaquemine Point, Louisiana.
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plastic limit, and plasticity index tests were performed 
only on clays to clayey silt-size sediments; and grain size 
distributions were conducted only on sediments coarser than 
very fine silt. The battery of tests outlined above are 
sufficient for soil properties correlations and for the 
geotechnical classification of soils.
Natural water content, w, is defined as the mass of 
water (mw) which can be removed from the soil by heating at 
105-110°C, expressed as a percentage of the dry mass (n^),
i.e., w(%) = iriy/ma x 100 (Head, 1992). Test material for 
this procedure was sealed in zip-lock plastic bags on-site 
to preserve initial moisture contents. Water contents 
obtained prior to a consolidation test are referred to as 
initial water content and those obtained following 
consolidation testing are termed final water contents.
Liquid limit, wL, is defined as the water content at 
which a pat of soil placed in a standard cup, cut by a 
groove of standard dimensions will flow together at the base 
of the groove for a distance of 13 mm when subjected to 25 
shocks from the cup being dropped 10 mm in a standard liquid 
limit apparatus operated at a rate of 2 shocks/s (Annual 
Book of ASTM Standards, 1994d). A minimum of four tests of 
various soil moisture contents straddling the liquid limit 
are required to accurately define a slope, in which the 
liquid limit is the intercept at n=25. To normalize the 
subjectivity in this test, two or three individual drop
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tests were performed on each water content and results were 
averaged into the tables. In addition, subjectivity was 
removed from determining the slope of the line with Cricket 
Graph log regression techniques, and the exact value of the 
liquid limit, at 25 drops, was determined y=mx +b.
The plastic limit, wF, is defined as the water content 
at which a soil can no longer be rolled into 3.2 mm (1/8 in) 
diameter threads without crumbling (Annual Book of ASTM 
Standards, 1994d). To normalize the subjectivity in this 
test, numerous threads were rolled and their water contents 
were averaged with the batch.
The plasticity index, Ip, is not a test, in itself, but 
the numerical difference between liquid limit and plastic 
limit (Head, 1992). It is a useful index in the engineering 
classification of soils.
Unit weight, y, is defined as the density of a given 
soil, p, times the acceleration due to gravity, g, and is 
expressed as; y (KN/m3) = pxg, where g = 9.81 m/sec2.
Grain size distribution, performed only on sediments 
coarser than very fine silt, is an important element in 
determining the engineering classification of soils. Grain 
size classification is based on the modified Udden-Wentworth 
scale presented in Pettijohn et al. (1973). Sediments 
coarser than very fine silt (> 78 //m) were dried in an oven 
at 45°C for several days, disaggregated with a mortar and 
pestle, and separated by size using a graduated series of
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mesh screens. The fraction retained on successive screens 
were totaled, and respective percentages of each fraction 
calculated. With these data, a cumulative% coarser, or a 
cumulative% passing distribution can be constructed. Median 
grain size, M, (the 50 cumulative% mark) and the coarsest 
1%, C, are used in this report. The C-M method was 
pioneered by Passega (1957).
Methodology
The Unified Soil Classification System was developed by 
Casagrande (1948) and a modified system is used by the U.S. 
Army Corps of Engineers. It operates as a flow chart, and a 
battery of tests determines the soil classification.
Coarse grained sediments are defined as those in which 
more than 50 weight% of the original material is retained on 
the No. 200 sieve (i.e., 75 pm or 3.75 <J>) following sieve 
analysis. If less than 5% pass through the No. 200 sieve, 
(Figure 36), these sands are either SW or SP soils, 
depending whether they are well graded or poorly graded, 
respectively. If between 5% and 12% pass the No. 200 sieve, 
a borderline silty-sandy soil is designated. If more than 
12% passes the No. 200 sieve, liquid limit and plastic limit 
tests must be run on the fraction passing the No. 40 sieve 
Figure 36 (i.e., 420 pm or 1.25 $). Classification 
therefrom depends how these soils plot on a plasticity 
chart, i.e., below the "A-line" = SM soil; in the hatched
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SM -SCSW SCSM
W ell
graded
P oo rly
graded
A b o ve  A -lin e  and  
hatch ed  zon e  on  
p la s tic ity  ch art
L im its  p lo t in 
hatch ed  zone on 
p las tic ity  chart
B elow  A -lin e  and  
hatched zone on 
p lastic ity  chart
Less than 5%  pass 
N o . 2 0 0  sieve*
M o re  than 12% pass 
N o . 2 0 0  sieve
C O A R S E  G R A IN E D  
50%  or less pass N o . 2 0 0  sieve
B etw een 5%  and 12%  
pass N o. 2 0 0  sieve
E xam in e  grain size 
curve
R u n  L L  and PL on 
m inus N o . 4 0  sieve 
fraction
B orderlin e , to  have double  
sym bol ap prop ria te  to  
grading and p lastic ity  
characteristics, 
e.g., SW -SM
Figure 36. Unified Soil Classification System flowsheet for 
coarse-grained sediments (Casagrande, 1948; 
modified by the Army Corps of Engineers, 
Waterways Experiment Station).
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zone = SM-SC soil; and above the "A-line and above hatched 
zone = SC soil.
Fine grained sediments are those in which more than 50 
weight% pass through the No. 200 sieve (Figure 37). The 
flow chart divides here depending whether the liquid limit 
on the minus No. 40 sieve material is less than 50% or more 
than 50%.
If the liquid limit measures less than 50%, 
classification is based on where the soil tests plot on a 
standard plasticity chart (Figure 38), i.e., below the "A- 
line" and the hatched area on the chart, a soil would be 
classified as an OL or ML soil, depending on a visual 
determination of organic content. Should the given soil 
tests plot within the hatched zone, the soil is a ML-CL 
soil. If the given soil plots above the "A-line," and above 
the hatched zone on the plasticity chart, the soil is 
classified as a CL soil.
If the liquid limit measures greater than 50%, then 
classification is based on whether the soil tests plot above 
or below the "A-line." If below, the soil is classified as 
a MH or OH soil, depending on visual analysis of organic 
content. If the soil plots above the "A-line" in this 
liquid limit range, the soil is classified as a CH soil.
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MH OHM L-C LOL ML CHCL
OrganicOrganic InorganicInorganic
Above A-line and 
hatched zone on 
plasticity chart
Below A-line 
on plasticity 
chan
Below A-line and 
hatched zone on 
plasticity chan
Above A  line 
on plasticity 
chart
Limits plot in 
hatched zone on 
plasticity chart
Run LL and PL on minus No. 40 sieve material
Liquid lim it less than
F IN E  G R A IN E D  
More than 50% pass No. 200 sieve
Liquid lim it greater than
Color, odor, possibly 
LL and PL on oven dry 
soil
Color, odor, possibly 
L L  and PL on oven dry 
soil
Figure 37. Unified Soil Classifiation System flowsheet for 
fine-grained sediments (Casagrande, 1948; 
modified by the Army Corps of Engineers, 
Waterways Experiment Station).
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Classification of Fine-Grained Facies 
Peaty facies
Peats and organic mucks are a facies type not well- 
classified in the Unified Soil Classification System, where 
they would be visually examined and considered peat (Pt). 
Organic sediments are best-classified by their organic 
content (Kearns and Davison, 1983), as determined by loss- 
on-ignition tests (Davies, 1974; Ball, 1964).
The geotechnical properties of organic, Spartina sp. 
soils tested in this report are as follows!
Organic content = 26.1 - 32.1%
Mineral content = 67.9 - 73.9%
Wet density = 1.08 - 1.13 g/cm3
Unit weight = 10.6 - 11.1 KN/m3
Water content = 660 - 756 wt%
Liquid limit and plastic limit tests on fibrous, modern 
peaty soils is not possible, as per the standard methods 
prescribed in the Annual Book of ASTM Standards (1994d). 
Supportive calculations for these values are provided in 
Appendix A. These peaty samples would be classified as 
"clayey mucks" in the Kearns and Davison (1983) scheme, and 
as peats (Pt) in the Unified system.
A comparison of these values with published data is 
presented in Appendix B. In general, wet densities and unit 
weights for samples from this study are slightly high to 
Donaldson et al. (1970), Edil et al. (1986), and MacFarlane
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(1959), because these samples contain higher mineral content 
than true peats. Water content values for this study's 
samples are slightly higher than those reported by Kolb and 
Shockley (1957), Edil et al. (1986), Marachi et al. (1982), 
and Ng and Eischens (1982), but well within the range of 
MacFarlane (1959). Higher water contents than previous 
studies is due to the nature of the sampling technique, 
i.e., cryogenic sampling techniques obtain representative 
samples of in-situ soil conditions.
Bay mud facies
Bay mud sediments are fine-grained clays and silty 
clays which are well-suited for plasticity classification. 
Liquid limit tests were performed on two samples for a check 
on reproducibility. Test 1 results (Figure 39) indicate a 
liquid limit of 121.5 (i.e., weight% water at 25 blows, or 
drops on the standard liquid limit test device), the 
correlation coefficient for the log regression line being 
0.993. Plastic limit tests on this same material generated 
values of 51 (i.e., weight% water at the plastic limit, as 
defined in the standard test for plastic limits).
Plasticity index values are calculated to be 70.5.
Test 2 results (Figure 40) indicate a liquid limit 
value of 128.2, the correlation coefficient for this log 
regression plot is 0.934. Plastic limit tests run on this 
same material generated values of 52. Plasticity index 
values are calculated to be 76.2.
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Figure 39. Liquid limit determination for bay mud facies,
Test 1.
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Figure 40. Liquid limit determination for bay mud facies,
Test 2.
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A review of the geotechnical properties of bay muds 
tested in this study are as follows:
Wet density = 1.39 - 1.43 g/cm3
Unit weight = 13.64 - 14.03 KN/m3
Water content = 126 - 153 wt%
Liquid limit = 121.5 - 128.2 wt%
Plastic limit = 5 1 - 5 2  wt%
Plas. Is&cEe^c — 70.5 76.2
Das (1990) proposes a definition of a "sensitive clay" 
as one in which the water contents exceed the liquid limit. 
Bay muds, by definition, are sensitive soils. Supportive 
calculations for wet density, unit weight, and water content 
values are provided in Appendix A.
A comparison of these test results with published data 
is presented in Appendix B. There has been very little 
published geotechnical work on bay muds. Kolb and Shockley 
(1957) did report on liquid limits and water contents of 
interdistributary soils and these values are significantly 
lower than the findings of this study, but it is uncertain, 
specifically, what soils were tested. Regardless, higher 
water contents would be expected with cryogenic sampling 
techniques.
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Prodelta mud facies
Prodelta sediments consist largely of silty clays, and 
are well-suited for plasticity classification.
Liquid limit tests were performed on two samples of 
prodelta upper facies (Location B20), a silty clay as per X- 
ray radiograph analysis (Figure 19). Test 1 results (Figure 
41) indicate a liquid limit value of 61.8. The correlation 
coefficient for the line of log regression is 0.886.
Plastic limit was reached at 23. The plasticity index is 
calculated at 38.8. Test 2 results (Figure 42) indicate a 
liquid limit was reached at 62.0. The correlation 
coefficient for this log regression line is 0.973. Plastic 
limit was reached at 23. Plasticity index is calculated at 
39.0.
Liquid limit tests were also performed on prodelta 
lower facies (Location D50), a very fine grained, organic- 
rich section, as per X-ray radiograph analysis, discussed 
previously. Test 1 results (Figure 43) indicate the liquid 
limit was reached at 88.9. The correlation coefficient for 
this log regression line is 0.960. The plastic limit was 
reached at 39 and the plasticity index is calculated to be 
49.8. Test 2 results (Figure 44) indicate the liquid limit 
is reached at 89.4. The correlation coefficient for this 
log regression line is 0.976. Plastic limit for this soil 
was measured at 40 and the plasticity index is calculated at 
49.4. In all liquid limit tests, reproducibility between
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Figure 41. Liquid limit determination for prodelta upper
facies, Test 1.
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Figure 42. Liquid limit determination for prodelta-upper
facies, Test 2.
W
at
er
 
Co
nt
en
t 
(%
)
83
P R O D E L T A  L O W E R
140
•  Test 1120
100
142.61-38.408*LOG(x) 
RA2 = 0.960
60
40
1 1 0 01 0
Number of Blows
Figure 43. Liquid limit determination for prodelta-lower
facies, Test 1.
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Figure 44. Liquid limit determination for prodelta-lower
facies, Test 2.
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the first and second tests was excellent, A review of the 
geotechnical properties of prodelta muds tested in this 
report are as follows!
Wet density = 1.18 - 1.27 g/cm3
Unit weight = 11.58 - 12.46 KN/m3
Water content = 113 - 185 wt%
Liquid limit = 6 2 - 9 0  wt%
Plastic limit = 2 3 - 4 0  wt%
Plas. Index = 3 9 - 5 0  wt%
Prodelta clays are sensitive clays, as water contents exceed 
the liquid limit (Das, 1990). Supportive calculations for 
wet density, unit weight, and water content values are 
provided in Appendix A.
A comparison of these values with published data is 
presented in Appendix B. No comparable data were found in 
literature regarding densities or unit weights. Water 
contents for these cryogenically sampled soils was 
predictably higher than those reported in literature 
obtained by compressive techniques. Liquid limits were both 
in the range of published data from Kolb and Shockley (1957) 
and Montgomery (1974).
A summary of the plasticity characterization of three 
clay soils studied was compiled in Figure 45. An average 
value of liquid limit and plasticity index was determined 
from the two tests performed on each facies, and these
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average values define fields as followss prodelta lower = 
liquid limit 89.2, plasticity index 49.6? prodelta upper = 
liquid limit 61.9, plasticity index 38.9; and bay mud = 
liquid limit 125.0, plasticity index 73.4. A wide spectrum 
of liquid limits and plasticity indices are represented by 
these three soils, i.e., prodelta upper = high plasticity 
(CH); prodelta lower = very high plasticity (CV); bay muds = 
extremely high plasticity (CE). Clay mineral composition 
may be a controlling factor in this plasticity 
fractionation, as well as percent clay. Water contents 
appear to be variable, although all are high. Bay muds and 
prodelta muds are suspect facies types in wetland loss 
because they are highly plastic, very compactable, and 
possess high water contents.
Seed et al. (1964a,b) and Arcan (1965) studied the clay 
mineralogical aspects of the Atterberg limits (i.e., liquid 
and plastic limit of soils) and found direct relationships 
between high liquid and high plastic limits with high clay 
content; and higher liquid and plastic limits with greater 
admixtures of smectite clays. It would be reasonable to 
assume, therefore, that the very high plasticity properties 
reported for the bay mud facies would be due to either 
greater clay fraction or greater amounts of smectite.
Stewart and Patrick (1990) studies on bay muds in Terrebonne 
Bay support this observation; these quiet bays contain high 
smectite values (up to 70 volume% of the clay fraction). By
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contrast, McAllister (1958) sampled prodelta sediments to 
the west of the modern Mississippi River and reported 50 
volume% smectite in the clay fraction.
Classification of Coarse-Grained Facies
Natural levee facies
The grain size distribution of natural levee sands from 
the flanks of a recently emergent subaqueous levee on the 
Lower Atchafalaya River south of Amelia, Louisiana, produced 
the following results:
Cumulative percent passing the 200 sieve = 0.116%
These sands were poorly graded (i.e., well sorted), fine­
grained, having a median grain size of 149 pm and a coarsest 
1st percentile at 250 pm. They are classified as SP soils; 
meaning sands, poorly graded, as per the flow chart included 
as Figure 36. Locally, algal mats and other fine material 
accumulate on the lee side of these levees and this would 
change the soil designation.
Distributary mouth bar facies
The grain size distribution of distributary mouth bar 
sands collected from South Pass, Louisiana, produced the 
following results:
Cumulative percent passing the 200 sieve = 0.127%
These sands are fine grained, poorly graded (i.e., well 
sorted), with a median grain size value of 147 pm, and a 
coarsest 1st percentile at 207 pm. As per the Unified Soil
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Classification System flow chart presented as Figure 36, 
these are SP soils, i.e., sands, poorly graded.
Beach sand facies
The grain size distribution of beach sand facies 
collected from Grand Isle Beach, Louisiana, produced the 
following results:
Cumulative percent passing the 200 sieve = 0.004%
These sands are fine grained, poorly graded (i.e., well 
sorted), with a median grain size of 151 pm and a coarsest 
1st percentile at 270 ym. As per the Unified Soil 
Classification System flow chart presented as Figure 36, 
these are SP soils, i.e., sands, poorly graded.
Dune sands collected immediately up shoreface from the 
beach collection site produced the following results: 
Cumulative percent passing the 200 sieve = 0.460%
These sands are very fine grained, poorly graded (i.e., well 
sorted), with a median grain size of 130 ym and a coarsest 
1st percentile at 250 ym. These are SP soils, i.e., sands, 
poorly graded.
Point bar sand facies
Grain size distribution of point bar sands collected at 
Plaquemine Point, Louisiana, produced the following results: 
Cumulative percent passing the 200 sieve = 1.069%
These sands are fine grained, poorly graded (i.e., well 
sorted), with a median grain size of 152 ym and a coarsest
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1st percentile at 302 ym)• These are SP soils, i.e., sands, 
poorly graded.
SEDIMENTOLOGICAL PROPERTIES OF MODERN FACIES 
Descriptive Terms
Sedimentological terms used to describe these sediments 
include a description focused on the following properties:
1) sediment type; 2) color of sediment; 3) sedimentary 
structures; 4) degree of bioturbation; 5) macrofossil 
content; 6) microfossil content; 7) diagenetic cements; and 
8) other inclusions, e.g., rafted organics, roots, clay 
clasts, etc.
Methodology
Sediment type concerns the relative percentage of sand, 
silt, and clay. The classical sedimentological approach to 
this determination is described in Folk (1974), and 
Pettijohn et al. (1973).
Color is checked against the Geological Society of 
America Rock Color Chart (1991). This chart is based on the 
Munsell color system, and provides a standard for hue, 
value, and chroma.
Sedimentary structures encountered are classified in 
accordance with type-examples for various structures and 
bedding types, as described in Pettijohn and Potter (1964), 
Reineck and Singh (1973), Potter et al. (1980), Allen 
(1984), and Rubin (1987).
Bioturbation is a process term to convey the disruption 
of primary bedding by living organisms. Degree of 
bioturbation is a measure of this disruption, and is
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assigned the following scale (increasing left to right): no
bioturbation, slight bioturbation, moderate bioturbation, 
and extensively bioturbated. Generally, degree of 
bioturbation increases from the terrestrial into the marine 
environment.
Macrofossils in the study area largely pertain to 
visible shell material. Shell material was collected, if 
present, at sampled localities (Figure 7), and in cores 
taken during the tenure of this project. Shell material 
entrained in mud was disaggregated in a large beaker of 
water conditioned with the surfactant, Calgon (sodium hexa- 
metaphosphate). Extracted shell material was analyzed and 
compared to type-specimens in Andrews (1977) and Parker 
(1959). Paleoenvironmental determinations were made 
referencing Parker's (1959) zonations.
Microfossils are largely of two types: 1) benthic
foraminifera and 2) ostracodes. Microfossils are recovered 
from muds in a 4-step process as follows: 1) mud is
disaggregated by soaking in a large beaker of water 
conditioned with Calgon, i.e., sodium hexa-metaphosphate;
2) slurry is washed through a U.S.D.A. Standard Testing 
Sieve, No. 230 (63 y m  or 4.0 $) where forams and ostracodes 
are retained on the sieve; 3) sample is dried overnight; and 
4) picking the samples and assigning genus and species 
names.
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Diagenetic cements are largely of two types: 1)
carbonate nodules, and 2) ferric nodules. These nodules can 
be differentiated with wet chemical methods, X-ray 
diffraction (Suhayda et al., 1993) or by analysis of X-ray 
radiographs (Hamblin, 1962; Coleman, 1966; and Bouma, 1969). 
Other inclusions include rafted organics, roots, clay rip up 
clasts or other allochems not previously covered.
Peaty facies
Salt water marsh environments on the Louisiana Gulf 
Coast produce a variety of organic sediments. Coleman et 
al. (1964a) referred to these deposits as peaty clays and 
peat. Kolb and Shockley (1957) referred to them as 
predominantly peat. Fisk (1954; 1958) called marsh deposits 
organic mucks and organic-rich clayey silts and silty clays. 
Donaldson et al. (1970) grouped them as organic, silty clay 
facies.
Kearns and Davison (1983) proposed a classification 
system for organic sediments with clayey inorganic matrix, 
and it is summarized as follows:
0- 5% organic matter = clay
5- 15% organic matter = mucky clay
15- 35% organic matter = clayey muck
55% organic matter = muck
55- 75% organic matter = peaty muck
75-100% organic matter = peat
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A standard test for determining the organic content of 
soils is the loss-by ignition test (Davies, 1974; Ball, 
1964). The procedure involves oven drying at 105°C for 24 
hours to drive off adsorbed water, then determining the 
refractory ash content by burning the dried sample in a 
muffle furnace at temperatures between 375 and 450°C. Tests 
performed at LSU's Wetland Biogeochemistry Lab (Appendix A) 
on two recent organic soils from the Boudreaux Canal region 
(refer ahead to Figure 101), produced mineral content values 
of 67.9 -- 73.9% and organic contents 32.1% - 26.4%, 
respectively. These would be classified as clayey mucks in 
the Kearns and Davison (1983) scheme.
The color of these peats varies between dark reddish- 
brown (10R 3/4), very dusky red (10R 2/2), blackish-red (5R 
2/2), and black (Nl) on the GSA Rock Color Chart, and they 
commonly exhibit wavy bedding. Marsh soils are intensively 
disturbed by plant rooting and by animal burrowing. Fiddler 
crabs and crawfish are among the larger bottom-dwellers. 
Gastropods are common, specifically Littorina sp. and 
Neratinia sp. (Fisk et al., 1954). Microfossils include an 
assortment of fresh water Cypridaceae sp. ostracodes, and 
Ammonia sp. and Elphidium sp. benthic foraminifera. Marsh 
soils often contain numerous calcareous concretions (Coleman 
et al., 1964a).
The term "marsh" is reserved for periodically flooded, 
distinctly watery areas with no trees (Kolb and van Lopik,
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1958), and are open, coupled ecosystems (Gosselink, 1984). 
The predominant plant taxa present in the salt marsh and the 
percent cover each species occupies was inventoried by 
Chabreck (1972). Results of this study indicate the salt 
marsh is a low diversity, organically productive ecosystem, 
dominated by Spartina alteniflora (62.14%), Distichlis 
spicata (14.27%), Juncus roemerianus (10.10%), Spartina 
patens (5.99%), and Batis maritima (4.41%), and minor 
others.
Slight elevation differences create distinct vegetation 
zones, e.g., Spartina cynosuroides dominantly found on 
higher, better-drained soils (Chabreck and Linscomb, 1978).
Peats accumulate in two distinct environments, and 
these are as follows; 1) interdistributary basins, with 
localized peat accumulations; and in 2) coastal marshes, 
where blanket peats develop over considerable areas (Coleman 
et al., 1964b). Peats and organic soils are the non- 
detrital, bounding component in deltaic cycles (Roberts, 
1986a; Coleman et al., 1964a).
A summary of the sedimentological properties of peat, 
and peaty soils is provided in Appendix B.
Bay mud facies
Bay mud facies are commonly clays and silty clays 
(Roberts and van Heerden, 1992; Kolb and Shockley, 1957), 
which contain thin, lenticular silt layers (Galloway, 1968; 
Coleman et al., 1964c), transported shell lag, in-situ shell
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beds (Coleman et al., 1964a), oyster reefs (Kolb and 
Shockley, 1957; Roberts and van Heerden, 1992), and 
occasionally glauconite pellets (Galloway, 1968). Colors 
reported for this facies range from blue-gray (Roberts and 
van Heerden, 1992) to olive-gray, 5Y 3/2, to dark gray, N3.
Bay muds are often extensively bioturbated (Roberts and 
van Heerden, 1992; Smith et al., 1986), particularly by 
polychaetes and molluscs (Coleman et al., 1964c).
Little primary bedding remains (Roberts and van 
Heerden, 1992). Bay mud samples appear massive in hand 
sample, and fine laminations and bedding are only obvious 
with X-ray radiography (Hamblin, 1962; Coleman, 1966). 
Alternating flocculated and non-flocculated zones are 
present (Coleman, 1966), and this is manifested in cores as 
banded, cyclic strata. The main diagenetic cements are 
pyrite, of different morphologies, and an occasional 
carbonate nodule (Suhayda et al., 1993; Coleman, 1966).
Interdistributary bay deposits range from 1.5 to 5.0 m 
in thickness in the Terrebonne marsh (Smith et al., 1986). 
Shell macrofauna include Crassostrea virginica (Roberts and 
van Heerden, 1992; Parker, 1959), Rangia cuneata (Parker, 
1959; Coleman, 1966), and Mulina lateralis, the dwarf surf 
clam (Parker, 1959). Benthic foraminifera include Ammonia 
beccari (Roberts and van Heerden, 1992; Smith et al., 1986; 
Poag 1978, 1981; Brasier, 1980), Elphidium gunteri (Roberts 
and van Heerden, 1992; Smith et al., 1986; Poag, 1981, 1978;
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Brasier, 1980), Ammotium salsum (Smith et al., 1986; Poag, 
1978, 1981), and Quinqueloculina sp. (Brasier, 1980). Most- 
commonly encountered ostracodes include Perissocytheridea 
brachyfonna (Roberts and van Heerden, 1992), Cyprideis 
salebrosa (Brasier, 1980; Garbett and Maddocks, 1979), and 
Ilyocypris sp.
A summary of the sedimentological properties of bay mud 
soils is provided in Appendix B.
Prodelta mud facies
Prodelta muds consist of silty clays and clays 
separated by thin silt lenses (Roberts and van Heerden, 
1992). Silty clay comprises the bulk of the inner zone 
(Fisk et al., 1954) while homogenous clays (Galloway and 
Hobday, 1983; Montgomery, 1974) with minute lenticular silt 
layers characterize the outer zone (Fisk et al., 1954). 
Roberts and van Heerden (1992) note that prodelta muds have 
high lateral continuity and exhibit low lithologic 
variation. Coleman et al. (1964a) characterize prodelta 
muds as rhythmic alternations of silt and clay. Prodelta 
muds collected on the R/V Pelican cruise indicate the floor 
of the shallow shelf offshore from the Mississippi River 
delta is a soft, soupy "mousse" in the uppermost few 
centimeters, becoming firmer below.
These muds are variously reported as dark colored (Fisk 
et al., 1954), to gray (Galloway, 1968) in literature. 
Samples collected from the R/V Pelican cruise indicate the
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soft clay "mousse" is dark yellowish gray (10 YR 4/2), while 
the firmer clays below are olive gray (5Y 3/2) to medium 
dark gray (N/4).
The primary sedimentary structures encountered in these 
sediments, deposited from suspension, are parallel 
laminations (Roberts and van Heerden, 1992; Galloway, 1968; 
Galloway and Hobday, 1983; Montgomery, 1974) in vertically 
stacked cycles 2-10 cm thick (Roberts and van Heerden,
1992). Prodelta muds are moderately to highly bioturbated 
by polychaete worms (Roberts and van Heerden, 1992), 
burrowing crabs, and blennie fish. Occasional carbonate 
nodules are encountered.
The shell content of inner prodelta muds include Rangia 
cuneata (Roberts and van Heerden, 1992), and Mulina 
lateralis (Roberts and van Heerden, 1992; Fisk et al.,
1954), while outer prodelta contains Area sp., Cardium sp., 
Chione sp., Nuculana sp., Phacoides sp., Natica sp., 
Polinices sp., etc. (Fisk et al., 1954).
Benthic foraminifera found in prodelta muds include 
Ammonia sp., and Elphidium sp., although they are less 
numerous than in the bay environment (Roberts and van 
Heerden, 1992). Other benthics associated with prodelta 
sediments are Cibicides sp., Globorotalia sp., Robulus sp., 
Uvigerina sp., Nonionella sp., and Textularia sp. (Fisk et 
al., 1954).
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Ostracodes most commonly found are Candona lactea and 
Cypridopsis vidua (Roberts and van Heerden, 1992).
A summary of the sedimentological properties of 
prodelta muds is provided in Appendix B.
Natural levee faci&s
Natural levee soils have been variously described as 
consisting of silts and fine sands, with minor amounts of 
clay (Roberts and van Heerden, 1992); clayey silts and sands 
(Fisk, 1954); silty clays (Coleman et al., 1964a; Donaldson 
et al., 1970); sandy silt and silty clay (Kolb and Shockley, 
1957); clay and silt (Kolb and van Lopik, 1958); very fine 
sand and silt (Coleman et al., 1964c); sandy silts with 
layers of organic-rich silty clays (LeBlanc, 1972); and as 
clay, sometimes oxidized (Smith et al., 1986).
Colors for natural levee soils have been described as 
gray (Smith et al., 1986); dark gray to olive gray 
(Donaldson et al., 1970); and as alternate light and dark 
colored layers (LeBlanc, 1972). Sampling in the Lower 
Atchafalaya River (Figure 7) yielded sample colors which 
were dark gray to olive gray, mottled, with oxidized zones 
along root and burrow traces.
Climbing ripple cross bedding is an excellent indicator 
to this environment (Roberts and van Heerden, 1992; Coleman 
et al., 1964c). Parallel and wavy laminations are common, 
especially on subaerial portions of the levee (Roberts and 
van Heerden, 1992; Coleman et al., 1964c). These soils are
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well-bedded (Fisk, 1954) with scattered silt laminae 
(Donaldson et al., 1970). Convolute bedding is very common, 
and clay balls are occasionally present (Reineck and Singh, 
1973) .
Natural levee soils are generally unfossiliferous, and 
grade laterally into the marsh and downward into bar sands 
(Fisk, 1954). These soils are well-drained, oxidized, and 
have low natural water contents (Kolb and Shockley, 1957). 
They contain numerous root burrows (Smith et al., 1986; 
Donaldson, 1970), and are "stiff" (Smith et al., 1986; Kolb 
and van Lopik, 1958).
Diagenetic products include small carbonate nodules 
(Donaldson et al., 1970; Coleman et al., 1964c; Smith et 
al., 1986), and ferric nodules (Coleman et al., 1964c; Smith 
et al., 1986).
A summary of the sedimentological properties of natural 
levee soils is presented in Appendix B.
Distributary mouth bar facies
Distributary mouth bar facies typically are fine­
grained sand to silt with layers of woody, detrital "coffee 
ground" organics (Fisk et al., 1954; Roberts, 1986b). 
Galloway (1968) described it as silty, fine sand. Weimer 
(1973) reported it as a silty sand, very fine-grained, with 
abundant mica and carbonaceous flecks. Roberts and van 
Heerden, (1992), in their work on the Atchafalaya River 
Delta, describe this facies as fine sands, silts, and clayey
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silts. Sampling done in this study suggests these are fine­
grained sands, with a median grain size of about 147 ym.
Thin, abundant, multi-directional trough cross bedding 
is the dominant sedimentary structure (Coleman et al.,
1964c) Numerous erosional surfaces are present within a 
sequence consisting of alternate cycles of parallel 
laminated sands, silts, and clays (Roberts and van Heerden,
1992). Gas-heave structures are characteristic (Coleman et 
al., 1964c). Gas in these sands, generated from the 
associated woody organics, produces disruptive bubble 
textures clearly visible on X-ray radiographs.
Shell content is diverse but abundances low due to 
sediment dilution (Fisk et al., 1954). Fine-grained 
sediments are burrow mottled (Donaldson et al., 1970).
Distributary mouth bars are modified into "bar-finger" 
geometries as the distributary mouth bar progrades over, and 
deforms underlying prodelta muds (Fisk, 1961; Morgan, 1968).
A summary of the sedimentological properties of 
distributary mouth bar sands is presented in Appendix B.
Beach sand facies
Beach sands are fine-grained (median grain size .130- 
.151 mm) at Grand Isle Beach, and are well-sorted. Grain 
size varies between very fine and fine-grained.
The predominant sedimentary structures are wave 
ripples, hummocky cross stratification, high angle cross 
stratification in trough-shaped sets, and scour surfaces
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(McCubbin et al., 1981). Shoreface deposits on barrier 
island sand bodies have similar characteristics to beach 
deposits, with the exception that barrier sands are higher 
energy deposits, and contain more transported shell (Davies 
et al., 1971).
Microfossil content is not diagnostic, as beach sands 
are reworked and transported. Bioturbation is present at 
the base and at the top; middle section appears massive 
(McCubbin et al., 1981; Davies et al., 1971; Kolb and van 
Lopik, 1964).
A summary of the sedimentological properties of beach 
sands is provided in Appendix B.
Point bar facies
Point bar sands can exhibit a wide variety of median 
grain sizes, and often are capped by a genetically-related 
mud drape (Reineck and Singh, 1973). Plaquemine point bar 
was sampled for this study (Figure 7), and this sand deposit 
was fine-grained (median grain size 152-177 mm), and well- 
sorted.
The color of the sediment ranged from moderate 
yellowish-brown (10YR 5/4) to dark yellowish-brown (10YR 
4/2) in the sand body, and between pale brown (5YR 5/2) and 
moderate yellowish-brown (10YR 5/4) in the horizontal beds 
atop the unit at Plaquemine.
These are characteristically fining-upwards sequences, 
i.e., massive and coarse-grained at base, large ripples and
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fine-grained above, followed by cyclic horizontal and small 
scale cross beds near mean water level (LeBlanc, 1972). A 
vertical section consists of channel lag at the base, 
followed by parallel laminae, followed by unimodal cross 
stratification, overlain by climbing ripples (Klein, 1977). 
Trough and cross-planar bedforms are common (Coleman et al., 
1964c). Load casts are commonly found at the base of a 
point bar sand in underlying clays (Coleman et al., 1964c).
At Plaquemine Point, load casts and convolute bedding 
were found in clays beneath the upper point bar. The point 
bar sand contains alternate ripple drift lamination, 
festoon, and- lenticular cross beds, while the upper one-half 
is characterized by horizontal bedding; mud drapes contained 
therein exhibit parallel laminations.
A point bar may be as thick as a river is deep. 
Mississippi River point bars can be 20-40 m thick (Reineck 
and Singh, 1973). During floods, the base of the channel 
erodes; as the flood recedes, it re-deposits an approximate 
equal amount (Coleman et al., 1964c). Channel migration 
occurs as the outside bank, or "cut bank," slumps into the 
thalweg of the channel, at which time a lateral sand bar is 
deposited on the inside bank (Smith et al., 1986).
The topography reflects these accretionary sand bodies 
as a series of channel-parallel swales and ridges; the 
former a site of clay deposition, the latter receives silty
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sand or sandy silt during overbank flooding (Kolb and 
Shockley, 1957).
Bioturbation is restricted to root disturbance, insect 
and animal burrows. Ferric nodules are occasionally found.
A summary of the sedimentological properties of point 
bar facies is provided in Appendix B.
SHALLOW INVESTIGATION, THE LAFOURCHE DELTA 
Geotechnical Setting 
The areal dimensions for the Lafourche Delta (Figure 
46) have been identified by numerous authors (Frazier, 1967; 
Sneider et al., 1978; Penland et al., 1988) utilizing 
radiocarbon chronology and physiographic features. It is 
but one of a series of six, and perhaps more, delta building 
episodes which have been deposited in the past 7000 or so 
years (Frazier, 1967) of the Holocene epoch (Harland et al., 
1990). The Lafourche Delta subcrops the surface in the 
greater part of the dissertation study area; its spatial 
distribution is coincident with high rates of wetland loss 
Chronology
Individual lobes in the Lafourche Delta complex are 
identified by radiocarbon chronology (Fisk, 1952; Frazier, 
1967; Penland et al., 1988; McBride et al., 1990), oldest to 
youngest, as the Bayou du Large lobe, the Bayou Terrebonne 
lobe, the Bayou Grand Caillou lobe, and the Bayou Lafourche 
lobe. These bayous are relics of major distributaries, and 
tend to occupy the same channel courses despite today's 
greatly reduced flows. A summary of radiocarbon chronology 
gleaned from Louisiana Geological Survey published dates is 
presented (Figure 47). Bayou du Large was actively 
depositing between 2.6 and 1.3 ka; Bayou Terrebonne was the 
major distributary between 1.3 and 0.8 ka; Bayou Grand 
Caillou was active between 0.9 and 0.5 ka; and Bayou
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Figure 46. Major deltaic lobes identified on the greater
Mississippi River deltaic plain (Frazier, 1967; 
re-drawn and adapted by Penland et al., 1988).
107
m i l e s
b)
Bayou Lafourche
Bayou Grand Caillou
Bayou Terrebonne
Bayou du Large
0 o o
°0V ® °o o° 0
0 o°o 0°1 ° o o ° o
oo „  0<
DO :  OO
LAFOURCHE
DELTA
COMPLEX
3 2
Thousands of Years Before Present
0
Figure 47. Chronological development of the Lafourche Delta 
complex, as per dates provided by Penland et 
al. (1987b; 1988); and McBride et al. (1990). 
Individual lobes illustrated in 47a; the duration 
of each is provided in 47b.
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Lafourche, as major distributary, occupied the eastern edge 
of the basin between 0.7 and 0.3 ka.
The Lafourche Delta is a lens-shaped deposit consisting 
of four distinct lobes (Figure 48) deposited atop a 
transgressive ravinement surface; each lobe successively 
atop its predecessor. In areas where the Lafourche Delta is 
thick (see location "B"), subsidence appears to be high, and 
in areas where the Lafourche is thin (see location "A"), 
subsidence rates appear to be low. If these observations 
are correct, compaction associated with the thickest parts 
of the Lafourche Delta may account for a significant part of 
the overall subsidence of this area.
Within the Lafourche Delta lies a complex stack of 
facies, some of which are consolidation-prone (i.e., peats, 
bay muds, and prodelta-lower), some are not (i.e., beach 
sands, distributary mouth bar sands, and point bar sands), 
and some possess intermediate properties (i.e., levee and 
prodelta-upper silts). Figure 49 addresses a theoretical 
case from the eastern edge of the Lafourche basin. In model 
position "C," low density peat deposits subcrop the surface, 
and this facies is underlain by a consolidation-prone bay 
mud in the shallow subsurface. Areas like "C" are presently 
experiencing the greatest surficial rates of wetland loss.
In model position "D," however, silty levee deposits are 
anchored beneath by sands, and these areas are presently 
more stable. This theoretical model suggests the reason
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Figure 48. Schematic strike section across the Lafourche
Delta. Legend: BdL = Bayou du Large; BGC = Bayou 
Grand Caillou; BT = Bayou Terrebonne; and BL = 
Bayou Lafourche (Kuecher et al., 1993)
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Figure 49. Schematic cross section on the eastern side of 
the Lafourche Delta basin, illustrating 
the facies relationships which may exist. Legend: 
BM = bay mud; P = peat; PD = prodelta; DMB = 
distributary mouth bar; B = beach; CS = channel 
sand; and L = levee (Kuecher et al., 1993).
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levees persist well into marsh terranes and into open water 
areas is because of facies sequencing in a prograding 
system. The consolidation characteristics of individual 
facies types in a vertical stack represents another 
subsurface control on patterns of wetland loss.
Deep Borings and Short Borings 
Location of Tests
The P-1-90* P-2-91, and P-3-93 deep borings were 
acquired as part of a Louisiana Geological Survey-U.S. 
Geological Survey cooperative research program concerning 
wetland subsidence in south Louisiana. These deep borings 
complemented a previous deep boring taken in 1983, TM-14-83 
(Figure 50). Each of these deep borings penetrated the 
entire thickness of the Lafourche Delta (and older Holocene 
deltas) and attained total depths ranging between 45 and 
80 m. In addition, three short borings (P-4S-93, P-5S-93, 
and P-6S-93) were acquired solely to penetrate the Lafourche 
section, and these sampled variously between 13 and 18 m. 
These short borings were positioned such that a N-S dip 
section could be assembled between the P-l-90 and P-2-91 
deep borings.
Core Sampling Methods
Eustis Engineering Company of Metairie, Louisiana, was 
contracted as the sole source vendor for the P-l-90, P-2-91, 
P-3-93, P-4S-93, P-5S-93, and P-6S-93 soil borings. A wet
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Figure 50. Location of deep borings in the study area (TM-
14-83, P-l-90, P-2-91, and P-3-93). Short borings 
are designated with an "S" following the number 
(P-4S-93, P-5S-93, and P-6S-93.
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rotary Failing 3600 mobile rig was utilized in both deep and 
short borings (Figure 51).
Core sampling over the Lafourche Delta sampling 
interval utilized 1.0m lengths of aluminum pipe (core 
tubes) attached to the drill string by alien screws. Core 
tubes were pushed into the sediment by the weight of the 
rig. Full circulation wiper trips followed each core 
retrieval. Core was then wrapped and labelled for transport 
to LSU.
Analytical Sequence
The initial operation on these core tubes is to cut 
them, longitudinally, in a series of two shallow penetrating 
cuts, one on either side, with a circular saw. A wire is 
then pulled between these cuts, and the core inside is cut 
in two equal splits, one split going off immediately for X- 
ray radiography, the other split used for sampling to 
support sedimentological, paleontological, and geotechnical 
analyses. Following sequential lay-out of the core, the 
following operations were performed: 1) identification of
lost and missing sections; 2) describe the core; 3) 
photograph the core in detailed 33 cm lengths and in 10.0 m 
composites; 4) sample peats, organic clays, and in-situ 
shells for radiocarbon dating; 5) sample select clay beds 
and shell layers foraminifera, ostracode, and shell-typing;
6) sample on a meter interval basis for ROCKEVAL pyrolysis 
and 13C isotope analysis; and 7) wrap the open core split in
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Figure 51. Eustis Engineering Company of Metairie,
Louisiana, was contracted to take continuous 
core in the P-l-90, P-2-91, P-3-93, P-4S-93, 
P-5S-93, and P-6S-93 during the course of this 
study.
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plastic, place them in core storage boxes, and transport 
them to the Louisiana Geological Survey core warehouse on 
Industriplex Boulevard Lane.
Electric Logging
Schlumberger (Houma District) performed logging 
services on all three deep borings, i.e., P-l-90, P-2-91, 
and P-3-93. Two logging suites were used: 1) GR-DIL-SONIC,
and 2) GR-CAL-NEUTRON-DENSITY.
Well logs evaluate the relatively undisturbed wall of a 
borehole, and record the logged parameters of each facies in 
its true, in-situ physical condition.
Compaction Trends, Deep and Short Borings
Bulk density changes with depth for given soil types is 
a standard method for approximating compaction trends in the 
subsurface (Gregory, 1977; Gardner et al., 1974; Walker,
1993). Plots of bulk density versus depth are used in this 
report to link shallow, subsurface bulk density trends, 
obtained from corrected bulk density log records in the deep 
borings, to density values obtained at the surface with 
cryogenic sampling techniques.
Peats are easily recognized on density logs as very low 
density "spikes," or excursions to the left-hand side of the 
log. Noting the depths and density values for peats from 
the P-l-90, P-2-91, and P-3-93 deep borings, and including 
cryogenically-obtained surface values, a semi-log plot can 
be generated (Figure 52) which approximates the compaction
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Figure 52. Bulk density versus depth trend for peaty facies 
in deep borings.
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trend for peaty facies in the subsurface. Some scatter is 
present in the data, which is represented by the 0.736 
correlation coefficient on the log regression. The most 
important aspect of this plot, however, is the rapid 
compaction peats experience in the uppermost 10 - 12 m of 
section, a depth interval which includes most, if not all, 
of the Lafourche Delta. Lafourche Delta thickness may be a 
controlling factor in explaining wetland loss. Data for 
this plot can be found in Appendix A.
A similar exercise was performed on shelly, bay mud 
density values obtained from these same borings, and from 
cryogenic sampling of this environment (Figure 53). Bay mud 
facies is recognized as the clay immediately atop capping 
peat layers. Ground truth verification that these data sets 
truly represented shelly bay mud facies was obtained by 
referencing the description log prepared for each boring. 
This semi-log plot approximates the compaction trends of bay 
mud. Again, there is scatter in the data set, as the 
correlation coefficient of the log regression is 0.680. The 
0 - 10 m interval, however, again emerges as that interval 
most subject to rapid bulk density changes (and 
corresponding loss of volume) with depth. Data for this plot 
can be found in Appendix A.
Compacting trends are often distorted by compactive 
sampling techniques, which compact sediments in near-surface
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Figure 53. Bulk density versus depth trend for bay mud 
facies in deep borings.
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environments, altering them spatially and in time. A study 
of push core recovery versus depth in the P-2-91 deep boring 
illustrates the magnitude of near-surface compaction induced 
by compressive sampling techniques (Figure 54). In the 
first two 2.0 m of depth, a 1.0 m sampling attempt yielded 
only about 0.45 m of core, thus a 45% recovery percentile.
At depths of 7.0 - 8.0 m, core recovery had increased to 
about 85%, and after 12.0 m, full recovery was obtained.
This phenomena is likely related to the strength of near­
surface soils. It is important to note the envelope of 
highly compactable soils is approximately 10 m thick, the 
thickness interval the Lafourche Delta occupies in this 
study area.
Vibracore Borings
Location of Tests
Seventeen vibracore borings were acquired as part of 
the Louisiana Geological Survey - U.S. Geological Survey 
cooperative research effort on wetland subsidence in south 
Louisiana (Figure 55). All were taken in the greater 
Terrebonne Bay region, the locations for which were accessed 
by boat. Because many of these cores were taken in a small 
area, it was necessary to call these by number only. In 
contrast, eight vibracore borings taken by the U.S. Army 
Corps of Engineers in New Orleans were widely separated and 
these are designated with an "AC-" prefix.
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Figure 54. Push core recovery versus depth for argillaceous 
sediments, P-2-92.
121
LAKEV 
I BOUDREAUX
:r 11Jj 6
\  > — 23 22®  v- \  .V _v '
rt^-»oJK-'-r2_r ~m,ff: , J . /  LAKE 4 ^  A
. ‘>.4-> /«->. /?,> 1 l*t
-i,- -T ^ ^ i". A
TERREBONNE BAY
., >'*r
KILOMETERS
-2903600-
29°0200-
9OO12’00"
Figure 55. Base map of vibracore locations in study area.
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(AC vibracores).
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Methodology
Vibracore technology, the ability to take inexpensive, 
shallow cores of water-saturated, unconsolidated soil was 
pioneered by Pierce and Howard (1968), and improved by 
numerous others, including Lanesky et al. (1979) and Smith 
(1984). The system used in this study consists of an 
aluminum tripod and wooden base, a hook and manual winch 
assembly, a Dreyer concrete vibrator head powered by a 5- 
horsepower Briggs and Stratton engine, and 9-m long, thin- 
walled aluminum pipe, 10 cm in diameter (modified from 
McBride et al., 1990). Following erection of the tripod, 
aluminum pipe is erected and held by a loop. The vibrating 
head is attached to the pipe, and the pipe is driven into 
the soil until point of refusal. Once this is accomplished, 
excess pipe is cut away by a pipe cutter, a locking cap is 
attached to the core tube, and the core is extracted by use 
of the manual winch.
De-compacting the Vibracores
Vibracores are obtained by a compressive sampling 
technology. As such, vibracores are the compacted 
equivalent of the sampled interval. Vibracores obtained in 
the field are described in terms of recovered core length 
and compacted length, the sum of which is the actual sampled 
length.
In an attempt to correct this distortion, a de­
compaction algorithm is presented (Figure 56). It is a
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Percent Recovery on 1.0 Meter Push Cores
Figure 56. Proposed algorithm for restoration of original 
thickness for sediments obtained in 10 
centimeter diameter, thin-walled aluminum push 
cores and vibracores.
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facies and depth-dependent algorithm, based on results 
presented in Figure 54. The y-ordinate represents depth, in 
meters while the x-ordinate is the percent recovery on 1.0 m 
push cores. Values inside the arc represent a correction 
factor which a given thickness of a given sediment type must 
be multiplied by to reconstruct its original thickness.
This number is calculated by dividing 1.0 m (core length) by 
the percent recovery, e.g., .90 recovery = 1.11 correction 
factor, a .80 recovery = 1.25 correction, and so on. 
Reconstructed thickness plots start at the top and 
cumulatively add, stretching the section to approximate true 
thickness by total depth. Peaty soils and organic clays 
compact the most and sands compact the least, and the spread 
between them is greatest at the surface. By 20 m depth, 
full recovery is attained regardless of sediment type.
The procedure is best-explained with the aid of a 
reconstructed thickness plate, and the plate for the TB 90- 
17 vibracore is provided (Figure 57). The rooted clay above 
the peat is 0.5 m thick. The algorithm is entered in the 
striped organic clay field and at 0.5 m, the correction 
factor is about 1.70. Multiply 0.5 by 1.70 = 0.85? i.e., 
the section expands from 0.5 to 0.85 m in thickness. The 
unit beneath is a clayey peat, and its compacted thickness 
is 0.4 m. This clayey peat will occupy a section below 
0.85 m, so enter the algorithm at the top of the peat field, 
and at approximately 1.0 m, the correction should be 1.70-
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Recovered Core
%  sand  
1 0 0  5 0  0
Reconstructed Thickness
%  sand  
1 0 0  5 0  0
x 1.70 (.59 R)
0 .5 4  t  
0 .06  ka
V
v  -V
1
2 .8 0  + c > -
0 .13  ka
Core = 7.21 m 
Comp = 1.65 m
T .D . 8 .86  m
0.85
1.53
2.97
3.89
4.72
5.21
5.79
7.56
8 .79  
(-0.84% )
Figure 57. Reconstruction of original thickness, based on 
de-compaction algorithm, TB 90-17 vibracore.
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1.80. Assuming the conservative value, 1.70 times the 
thickness of 0.4 m and the product is 0.68 m. Add 0.68 to 
the base of the previous unit (0.85 m) and the section is 
now pushed down to 1.53 m, etc.
Most of the expansion occurs in the upper 3.0 meters of 
section. Beyond 3.0, very little expansion occurs. The 
test of how well the de-compaction works rests in how 
closely it can match actual sampled intervals. In Figure 
57, cumulative de-compaction of the section gives a 8.79 m 
value. Actual sampled length is 8.86 m, so in this case, 
the algorithm nearly reproduced actual values, falling just 
0.84% short of actual length. If a 1.80 value was chosen 
for the correction factor on the upper peat, which is 
likely, the de-compacted section would be 0.04 cm longer, 
totalling 8.83 m, and this would be even closer to actual 
values. The advantage of such an algorithm is that it 
stretches the uppermost section the most, where all data 
suggests it belongs.
Data collected from the de-compacting exercise on all 
17 TB vibracores reveals a rather Gaussian distribution 
around zero (Figure 58), indicating some reconstructions 
were short (maximum error at -5%), some were long (maximum 
error +5%), but most are distributed within 3% (±) of the 
true sampled interval. Despite the marginal error and 
subjectivity in constructing the plots, it is of great value 
to restore a push core or vibracored section to its proper
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DISTRIBUTION OF RECONSTRUCTED THICKNESSES 
VS EXPECTED THICKNESSES FOR 17 TB VIBRACORES
6 
5 
4 
3 
2 
1 
0
Figure 58. Distribution of reconstructed thickness values 
versus expected thickness for 17 TB vibracores.
PERCENT DIFFERENCE FROM EXPECTED
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depths. The algorithm is empirical, and derived for this 
study area, only, with the sampling methods peculiar to the 
field team. It is not intended that this procedure be a 
universal solution, instead it is the author's attempt to 
restore the project data set to its proper space and time.
Reconstructed thickness plots for all 17 TB vibracores 
is presented in Appendix C, Reconstructed thickness, TB 
vibracores.
The U.S. Army Corps of Engineers, New Orleans District, 
also obtained vibracores in this study area, and as 
collaborators in this project, this information was shared. 
The de-compaction algorithm was not an accurate method of 
restoring over one-half of these cores. Different field 
acquisition techniques were used, and checks on the amount 
of compaction were not done as rigorously as in this study. 
Because of these differences, the present author restored 
these sections by photographic enlargement. One such 
example is provided (Figure 59). Reconstructed thickness 
plots of all 8 AC- vibracores is presented in Appendix D.
The disadvantage of this method is that expansion occurs 
uniformly over the section, independent of sediment type. 
Subsidence Study with De-compacted Vibracores
Restoration of all vibracore data to its correct depth 
provides a meaningful basis of comparison for subsidence 
values established with and without this technique.
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Core
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Photo-enlarged 
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Core = 5.27 m 
Comp = 0.44 m
T.D. 5.71 m
Figure 59. Reconstruction of original thickness based on 
photographic enlargement technique, AC-30-93 
vibracore.
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Organic samples collected from TB vibracores were 
radiometrically dated by a subcontractor, Krueger 
Enterprises, Inc., Geochron Laboratories Division, of 
Cambridge, Massachusetts. Dates provided are based upon a 
Libby half life of 5570 years for 14C. The error stated is 
± la as judged by analytical data alone. Geochron's modern 
standard is 95% of the activity of N.B.S. oxalic acid. Age 
is referenced to the year A.D. 1950, and methodologies 
followed as per Geyh and Schleichter (1990). A record of 
these results is presented as follows:
TB
Vibracore
#
Compacted
Depth
Reconstructed
Depth
Radiocarbon 
Age, ±1 a
6 0.77 m. 1.45 m. 0.52 ± .19 ka
8 0.20 m. 0.43 m. 0.62 ± .07 ka
8 3.85 m. 5.85 m. 2.27 ± .08 ka
9 1.20 m. 2.22 m. 0.21 ± .11 ka
12 1.05 m. 1.65 m. 0.68 ± .11 ka
12 1.50 m. 2.50 m. 1.46 ± .12 ka
15 0.90 m. 1.65 m. 0.75 ± .08 ka
17 0.64 m. 1.08 m. 0.54 ± .06 ka
17 6.50 m. 7.70 m. 2.80 ± .13 ka
22 5.80 m. 7.20 m. 2.03 ± .12 ka
24 1.70 m. 2.75 m. 1.17 ± .13 ka
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Plotting the reconstructed depths versus mean 
radiocarbon age of these 12 dated samples provides an 
insight into the de-compacted, mean subsidence rates in this 
region (Figure 60). A clear trend of increasing mean 
radiocarbon age versus depth relationship is seen in the 
data, although variability exists. A line of regression 
through the data set indicates the slope (m) is 3.14 m/ka, 
or 0.314 cm/yr; the correlation coefficient for the line 
through the points is 0.918. These numbers are on the high 
side, but in the range of 0.07 - 0.44 cm/yr reported by 
Roberts (1985) on compacted data. De-compacting vibracore 
data increases calculated rates of subsidence because 
sampled organics are restored deeper in the earth.
Spatial variability exists in the Terrebonne Bay data 
set. Three vibracores, i.e., TB 90-8, TB 90-12, and TB 90- 
17, each had two organic samples tested. These data provide 
a window for comparative rates of subsidence, past and 
present.
In the TB 90-8 case (Figure 61), the compacted 
subsidence rate and the de-compacted subsidence rate are 
calculated as 2.21 m/ka and 3.18 m/ka, respectively. Both 
rates are indicative of relatively high subsidence over the 
window of time they represent. When the interval of time 
zero ka to the first sample date is considered, a very low 
rate is suggested as a present rate, suggesting the TB 90-8
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Figure 60. Summary of de-compacted depth versus mean 
radiocarbon age values, 17 TB vibracores.
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locality appears to have experienced a high subsidence rate 
in the past, and low subsidence rates, recently.
At the TB 90-12 locality (Figure 62), the compacted 
and the de-compacted subsidence rate are calculated as 
0.58 m/ka and 1.09 m/ka, respectively. These rates, over 
the window of time indicated, are low rates. When the 
window of time zero ka to the first sample date is 
considered, a much higher rate is suggested, suggesting the 
TB 90-12 location appears to have experienced low subsidence 
rates in the past and is experiencing higher rates, 
presently.
The comparative subsidence rates at the TB 90-17 
locality are provided in Figure 63. Both the compacted and 
the de-compacted rates are high rates. When the interval of 
time zero ka to the first sample date is considered, the 
rate appears to be about the same, suggesting the TB 90-17 
locality appears to have experienced relatively uniform, 
high rate of subsidence, both past and present.
Diagnostic Criteria. Base of Lafourche Delta
The base of the Lafourche Delta is defined, 
radiometrically, as an unconformity. Basal, transgressive 
sediments of the Lafourche Delta unconformably overlie 
sediments of the underlying Teche Delta. This surface has 
variously been defined as a ravinement surface (Penland et 
al., 1985, 1987b; Suter et al., 1987; Thomas and Anderson, 
1988; Gastaldo et al., 1990), or as a ravinement diastem, a
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Figure 63. Comparative subsidence rates, TB 90-17.
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transgressive surface formed during shoreface retreat 
(Nummedal and Swift, 1987).
A summary of radiometric ages which define the 
Lafourche Delta in the deep and short borings is included in 
the following data set (at the time of this printing, no 
organic samples from P-3-93 had been radiocarbon dated)s
Boring # Depth Radiocarbon Age, 
± 1 a
P-l-90 0.90 m. 0.31 ± .06 ka
1.80 m. 0.37 ± .11 ka
4.85 m. 1.07 ± .13 ka
6.50 m. 1.18 ± .12 ka
11.10 m. 2.17 + .12 ka
11.80 m. 4.14 ± .16 ka
12.95 m. 4.74 ± .17 ka
P-2-91 0.82 m. 0.11 ± .10 ka
1.95 m. 0.33 ± .09 ka
13.90 m. 4.91 ± .11 ka
17.78 m. 6.97 ± .11 ka
P-4S-93 8.50 m. 1.84 ± .07 ka
12.10 m. 3.96 ± .09 ka
P-5S-93 0.25 m. 0.12 ± .10 ka
4.95 m. 1.05 ±.06 ka
P-6S-93 12.45 m. 1.78 ± .11 ka
TM-14-83 9.50 m. 3.12 ± .09 ka
10.10 m. 4.19 + .09 ka
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Type-Section at P-l-90
In the P-l-90 boring, radiocarbon ages ±lo are plotted 
against depth in meters (Figure 64). Lafourche samples 
above the ravinement define a linear trend that intercepts 
the ravinement at about 2.30 ka. This age represents the 
maximum age of Lafourche sediments at this location. Below 
the ravinement, a major offset in radiocarbon age is in 
evidence, as an age of 4.30 ka is found here. The gap in 
time is partly erosional, partly due to extremely low 
sediment accumulation rates in the abandonment phase of the 
previous delta (Tornqvist and van Dijk, 1993). An X-ray 
radiograph of the P-l-90 core at the Teche Ravinement is 
provided (Figure 65). The Teche Ravinement has been 
identified at 11.50 m depth. The ravinement surface appears 
to exhibit an angular disposition here; shelly bay muds 
above an eroded peat.
Shell macrofossils found in the meter and one-half 
above the ravinement include outer estuarine to open sound 
taxa (as per Parker, 1959; Andrews, 1977) as can be seen in 
Figure 66. This is the most saline assemblage of shell 
macrofossils seen in any of the cores taken in this study.
Microfossils were dissociated from basal transgressive 
muds as per the methodology described in the 
Sedimentological Properties section of this report. 
Microfossils were recovered from the interval 11.0 to 9.5 ra 
in P-l-90. A scanning electron microscope photo montage of
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Figure 64. Mean radiocarbon age (±la uncertainty) versus 
depth, Lafourche Delta section, P-l-90 boring.
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Teche
Ravinement
Figure 65. X-ray radiograph print of the Teche Ravinement
in the P-l-90 core. Note the angular disposition 
of the shelly bay muds over the dark peats.
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Figure 66. Shell macrofossils in basal transgressive
section, P-l-90 boring. Taxa include a) Nuculana 
concentrica; b) Mulina lateralis; c) Retusa 
canaliculata?; d) Diodora cayenensis; e) Andara 
sp.; and f) Ostrea equestris.
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representative microfossils from this section is provided in 
Figure 67. The transgressive sequence is characterized by 
abundant, pristine Elphidium sp., Ammonia sp., and 
Nonionella sp. benthic foraminifera and occasional fresh to 
brackish water Cypridacea sp. ostracodes. Above 9.50 m, the 
section is essentially barren of benthic foraminifera, and 
only rare ostracodes are encountered.
The presence of a zone of estuarine to marginal marine 
microfossils, within the radiocarbon time frame 2.5 ka to 
0.3 ka (refer to Figure 47), is considered evidence in this 
report that basal transgressive muds of the Lafourche Delta 
had been penetrated. In the absence of radiocarbon age 
calibration, or other evidences, the presence of a 
microfossil zone of the type discussed provides prima facie 
evidence that the base of the Lafourche Delta lies 
immediately beneath. Biostratigraphy is a powerful tool in 
the correlation of delta packages which lack adequate 
radiometric age calibration.
A description log for the P-l-90 boring covering the 
Lafourche Delta interval is provided (Figure 68). The Teche 
Ravinement, so-named because it erodes into the underlying 
Teche Delta, is placed at 11.50 m atop an eroded peat 
sequence. An overall coarsening upward sequence is seen 
between 11.5 and 6.5 m. Between 6.5 and 1.0 m, a fining 
upwards sequence is indicated and the delta is capped by a 
succession of three thin peats. It is unknown how much of
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Figure 67. Representative microfossils in P-l-90:
a) Elphidium excavatum at 11.10 m; b) Elphidium 
discoidale at 11.10 m; c) Ammonia parkinsoniana, 
f. typica at 11.10 m; d) Cypridaceae sp. 
ostracode; e) Ammonia parkinsoniana, f. tepida, 
at 9.50 m; f) Nonionella basiloba at 10.4 m.
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DESCRIPTION
Clay, light gray-dark  gray, rooted, massive, 
bioturbatcd, organic, occasionally sidcritic, slightly 
silty at base, with occasional shells near top.
Peats, reddish brown, massive - wavy bedded 
within clays, l ight-m edium gray, variously 
massive-laminated.
Clay, dark gray - black, organic, rooted, massive, 
bioturbatcd near top, laminated and silty at base.
Clay, AA, light gray - brownish gray, laminated.
Clay, light yellowish brown-light gray, silty, with 
interbeds of lenticular disc, silts grading 
downward to sand, very fine grained.
Clay, gray-dark gray, rooted, diagcnetic siderite? 
zone, silty at base.
Sands, light yellowish brown, very fine grained, 
containing isol. m ud clasts, mud flasers, isolated 
continuous bedding and clay, light olive gray.
Organic clay and peat, black-dark gray, organic 
variously massive and laminated.
Silt and thin clays, lenticular bedding.
Sand, light yellowish brown, very fine grained, 
discontinuous, with thin clays, wavy bedded.
Clay, light olive gray, laminated , slightly organic.
Clay, AA, becoming brownish gray, and thin 
sands, very fine grained, lenticular continuous
Clay, light olive gray, laminated, with occasional 
discontinuous lenticular silt-silty sand.
Silty clay, light brownish gray-olive gray, with 
thin discontinuous lenticular silts grading to 
lenticular continuous
Clay, AA, laminated.
Sand, light brownish gray, very fine grained.
Clay, light gray with abundant outer cstuarine
Peats and organic clay, eroded at top.
7.27
7 .92
o.as
0.14
Figure 68. Description log of the P-l-90 boring.
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the uppermost meter of sediment is in-situ and how much is 
fill because the LUMCON grounds were raised with fill prior 
to construction.
13C isotope pilot study
Chmura et al. (1987) performed an assessment whether 
sedimentary carbon in marshes of varying salinities could be 
discriminated on the basis of its 513C values, per mil, PDB. 
This analysis was accomplished by clip plot sampling for 
marsh vegetation from fresh, intermediate, brackish, and 
salt environments. A range of 513C values for each marsh 
salinity type was established and these values plotted 
against average salinity values for these environments, as 
per Chabreck (1972). Results of this study are summarized 
in Figure 69. Some overlap of values occurs in the salt, 
brackish, and intermediate marsh crop ranges, while fresh 
marsh appears to present a unique solution. Discrimination 
is rather good between salt and intermediate; salt and 
fresh; brackish and fresh; and intermediate and fresh 
standing crops. The basis for these ranges appears to be 
related to differences in fractionation of carbon isotopes 
during photosynthesis (Chmura et al., 1987; Smith and 
Epstein, 1971; Chmura, 1990). It is sometimes referred to 
as the vital shift. This work provides a framework to 
recognize transgressions and regressions within a given 
delta cycle.
SA
LI
NI
TY
 
(p
pt
)
146
15 -
10 -
5 -
0 4 -
-3 0
SALT
□ MEAN n=13
BRACKISH
n=10
INTERMEDIATE
n=10
FRESH
n=9
l 1-- 1-- 1-- 1---1-- 1-- 1---1---1-- 1-- r
-2 5  -2 0
613C ( % o  PDB)
T 1-- 1-- 1
-1 5
Figure 69. Range and mean of sedimentary 513C for fresh,
intermediate, brackish, and salt marshes. After 
Chmura et al. (1987), and Chabreck (1972).
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Sample preparation for isotopic testing involves 
acidizing and warming samples to drive off soluble and 
refractory carbonates. Repeated water washings removes 
excess Cl“, then samples are dried and crushed by mortar and 
pestle until each passes a 200 sieve. Total organic carbon 
(TOC), a requisite measurement prior to carbon isotope work, 
was measured by LSU's ROCKEVAL programmed pyrolysis unit.
Isotopic analyses were performed on P-l-90 samples over 
the Lafourche Delta interval. Results are provided as 
follows;
Boring # Depth TOC 513C (PDB)
P-l-90 0.70 m. 0.96% -23.11
1.60 m. 1.24% -22.66
3.30 m. 0.74% -23.19
3.70 m. 0.74% -23.53
5.20 m. 0.66% -23.64
8.00 m. 0.87% -22.45
8.50 m. 0.96% -23.04
9.20 m. 0.87% -22.53
10.40 m. 0.86% -22.65
11.00 m. 0.62% -22.49
11.00 m. 0.62% -23.87
11.20 m. 0.19% -22.82
11.20 m. 0.19% -23.99
14.80 m. 0.63% -23.25
148
Values of 513C obtained are plotted against depth in 
Figure 70. Although results are preliminary, isotopic 
values shift to the right (i.e., shift towards higher 
paleosalinity) as the Teche Delta is transgressed. The 
transgressive sequence is identified between 11.5 and 7.5 m 
and is 4.0 m thick. A large shift to the left between 7.5 
and 5.0 m identifies a distinct lowering of paleosalinity, a 
regressive event. A series of high frequency fluctuations 
characterize the section 5.0 m to the surface, but its 
overall trend shifts towards the positive, suggesting an 
overall transgression. Absolute values at the surface 
today, characterized by severe wetland loss, are not any 
higher than the transgressive muds overlying the Teche Delta 
more than 2000 years ago. Wetland loss is an endemic 
condition in the abandonment phase of deltas.
Carbon isotopic values provide a powerful tool for 
interpreting the boundaries of deltas in muddy sections and 
provides a high resolution tool for interpreting paleo­
salinity changes within a single delta cycle.
Base of Lafourche Delta, P-4S-93
The P-4S-93 boring is approximately 7.0 km N-NE of the 
P-l-90 boring. The boring attained 13.0 m total depth.
Based on radiocarbon results at 12.1 meters, which provided 
an age of 3.96 ± .09 ka, and an erosional contact 
immediately above, the base of the Lafourche Delta is 
determined at 11.83 m, slightly deeper than at P-l-90.
De
pth
 
in 
m
et
er
s
149
-90
LAFOURCHE DELTA
10 -
Tech e Ravinement @ 11.5 m
TECHE DELTA
-20%-30% -25%
5 13C pqb
Figure 70. S13C versus depth in the Lafourche Delta 
interval, P-l-90 boring.
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Shell macrofossils are abundant at this locality. A 
Crassostrea virginica biozone is present 8.80 to about 
9.70 m, and a Rangia cuneata biozone occurs about 8.00 - 
9.00 m depth.
Marginal marine microfossils are encountered between 
11.75 and 8.50 m depth. Scanning electron microscope photo 
montages of representative taxa are provided (Figures 71 and 
72). The base of this section was characterized by several, 
pristine planktic foraminifera.
A description log of the P-4S-93 boring is provided 
(Figure 73). At this location, underlying Teche marsh soils 
contain large quantities of wood.
Base of Lafourche Delta, P-5S-93
The P-5S-93 boring is located approximately 14 km N-NW 
of the P-4S-93 boring in Dulac, Louisiana.
A microfossil assemblage was encountered in the P-5S-93 
boring between 13.70 and 11.85 m (Figure 74). The 
assemblage consists of benthic foraminifera and articulated 
fresh-water ostracodes, and represents an inner estuarine 
setting. The presence of this microfossil zone suggests the 
base of the Lafourche Delta is somewhat deeper than 13.70 m. 
To accommodate these findings, the base of the Lafourche 
Delta must be dipping (i.e., thickening) to the north from 
the P-l-90 and P-4S-93 borings. Two radiocarbon age 
determinations obtained from this boring support the
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Figure 71. Representative microfossils in P-4S-93: a,b) 
Globigerinoides ruber at 11.75 m; c) smooth 
Cypridacea sp. ostracode at 11.30 m; d) probable 
echinoid spine at 11.30 m; e) Elphidium excavatum 
at 10.60 m; and f) Ammonia parkinsoniana 
at 10.60 m.
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Figure 72. Representative microfossils in P-4S-93 cont):
g) Ammonia parkinsoniana f. typica at 10.60 m;
h) Buccella sp. at 9.40 m; i) articulated 
ostracode, unknown affinity, at 9.40 m;
j) Quinqueloculina sp. at 8.50 m; k) Loxoconcha 
sp. ostracode at 8.50 m; 1) ostracode valve, 
unknown affinity, at 7.50 m.
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TYPE DESCRIPTION
Clay, slightly silty, dark: yellowish brown 10YR 
4/2 with diagenelic cements along root hairs, sharp 
boundary with with sand at 0.72m.
Sand, moderate brown 5YR 3/4 to moderately 
yellowish brown 10YR .5/4, massive to faintly 
cross bedded, with occasional thin silts.
‘ 77 7 7  Oiagenetic zone, sharp boundary atop silty zone.
Sand, as above, silty, faintly laminated, low angle 
cross beds.
Clay, olive gray 5Y 3/2, bioturbaled.
Alternating thin beds o f silt, dark yellowish brown 
10YR 4/2, and silty clay, olive gray 5Y 3/2, 
lenticular continuous, burrowed and rooted, 
contorted bedding at 6.10m.
Silty clay, olive gray 5Y 3/2 with thin shell bed at 
7.45m., isolated discontinuous silts.
Silty clay, as above, occasionally olive black 5Y 2/1, 
numerous shell layers, massive shell bed 8 .20-8.80m.,
Clay, silty, olive gray 5Y 4/1, massive, bioturbated w / 
occasional diaaenetic zone.
Teclte R avlnenient at 11.83 i i i
Wood, peaty, dusky brown.
Clay, silly, brownish gray, silty In part, dark 
yellow'ish brown, laminated.
73. Description log of the P-4S-93 boring.
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Figure 74. Representative microfossils in P-5S-93: a) 
Elphidium sp. at 13.70 m; b) articulated 
ostracode, Perissocytheridae sp. at 13.70 
m; c) single valve of ostracode, unknown 
affinity, at 12.65 m, d) Ammonia sp. at 11.85 m; 
e) Elphidium excavatum at 11.85 m? and f) 
articulated ostracode, Perissocytheridae sp. at 
11.85 m.
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interpretation of a thick Lafourche section at this 
location.
A description of the P-5S-93 boring is included (Figure 
75). The Teche Ravinement is not clearly defined, here, but 
could be as high as 15.7 m, or deeper than the total depth 
of the boring. No definitive base is indicated on the 
description log. Modern AMS dating techniques would be 
useful in dating these sediments.
Base of Lafourche Delta, P-6S-93
The P-6S-93 boring location is located about 1.4 km 
north of the P-4S-93 locality.
A thin interval at the base of the P-6S-93 boring 
contained inner estuarine microfossils (Figure 76). The 
microfossil zone is found structurally deeper at P-6S-93 
than at P-5S-93, suggesting the base of the Lafourche Delta 
continues to dip to the north. A thick Lafourche Delta at 
this locality is supported by a radiocarbon age of 1.78 ±
.11 ka at 12.45 m depth.
A description log of the P-6S-93 boring is included 
(Figure 77). The base of the Lafourche Delta was not 
penetrated in this boring (i.e., it is > 16.0 m).
Base of Lafourche Delta, P-2-91
The P-2-91 boring is located 4.2 kilometers north of 
the P-6S-93 boring, and represents the most terrestrial 
paleoenvironment thus described. One thin shell bed of 
inner estuarine Crassostrea virginica was encountered
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SEDIMENT
DESCRIPTION
P e a rs , b lack ish  red 5R 2il to  dusk y  b ro w n  SY R  2/2, c ru m b ly  
C la y , m od era te  b row n SY R S /4 , trace  roors and  rafted  o rg an ic s .
O rg an ic , ro o ted  zon e , d u sk y  b ro w n  5Y R  2/2
S ilty  s a u d , v e ry  fine g ra in e d , dark  y e llo w ish  brow n 1CIYR 4 /2 ,
tra c e  ra i le d  w o o d , s h e ll
S ilt , da rk  y e llo w ish  b row n  10Y R  4 /2 . trace  ox id ized  ro o ts , 
sm a ll sc a le  cro ss beds.
C la y , g ray ish  b row n  5Y R  3/2 , m assiv e , b io tu rb a te d ? , trace  
p rim a ry  bed d in g .
C lay , slightly  silty, dusky yellow ish  brow n 10 Y R  2 /2 , m assive grad ing  
dow nw ard to l'al clay, wi'th trace prim ary  bedd ing , cream y diageneLic 
zones, nodu lar n ea r  rop.
C la y , olive g ray  5Y 4 /1 , n o d u la r  so ft, b io tu rb a te d , o cca s io n a l 
sh e ll a t to p , g rad in g  d o w n w ard  to  c lay , g ray ish  M ack N 2 , 
o rg an ic , trace  len ticu la r  ra f te d  o rgan ics.
P e a t, Mack, th in , black N 1 , th in  clay  a t base, p lan t fragm ents.
C la y , as above, nodular, m assive
S ilt, dark  gray N 3 . trace prim arv  bedd ing . S a n d , line grained., da rk  
yellow ish  b row n 10Y R 4 /2 . m assive, in terbedded  w / len ticu la r
S ilty  clnv, g ray ish  brow n 5Y R 3/2, S a n d , fine g ra ined , o live g ray  
50Y R  4 /1 , m assive, in terbedded  w / s ilt, arg illaceous.
C la y , slightly  silty, olive gray  5Y 4 /1 , S a u d . fine grained , m assiv e , 
sha rp  boundaries, inlerbeiide’d sv/ s il t ,  as above.
C Iny, olive gray  5Y 3/2, m assive , trace  ox id ized  roots.
S ilt  u n it, olive gray  5Y 4 /1 , com p o sed  o f  len ticu lar cont. b e d s  o f  
sandy silt and sd ty  clay, uou -b io m rb a ted , c learly  rhy thm io-typc 
lam inations a t  base.
S he ll b e d , floa ting  in m atrix  o fs ilL  o live b lack  5Y 2/1 , all 
fragm ents, p robab le  srorm facies?
C la y , slightly  silty, dark  g ray  N 3, m assive, b io tu rbated , th in  
len ticu lar sands at base.
C.luy, dark g reenish  jsray 5 0  4/1, m assive, m oderately  b io tu rira lril 
w / occasional sand-td led  burrow s, S ilty  c lay , olive gray 5Y  4 /1 . 
occasional s ilt stringer, S ilt, dusky yellow ish  b row n 'lO Y R  2/2. 
sealIcred shell fragm ents.
C la y , s lieh tly  silty, dusky yellow ish  brow n IOYR 242 to olive 
b lack  5Y 2/1, occasional" th in  s ilt stringers, iso lated  d iscon t., 
largely m assive.
C la y , silty, o live black 5Y  2 /1 . m assive, w / num erous shell 
fragm ents, occasional Ihin sill slringers, b io lurbaled .
C o n tac t a t 12.85m .
S ilty  C lay , dusky  yellow ish  b row n 10Y R  2/2 , m assive w / 
occasional ihin shell, sill, d iagenelic  1 'c-cem ents near lop.
Very silty  c lay , dark yellow ish  brow n 10Y R 4 /2 . w / occasional silt, 
len ticu lar d isc o n t, silt, m odera te  yellow ish  b row n 10YR 5/4 finely 
lam inated  to len ticular c o n t .
C lay  and S ilty  C lay
C lay , slightly silty, dusky yellow ish  b row n 10Y R 2/2 , occasional 
lenticular s ilt a t  top. m assive below, d iagcuctic  zone 16.00-16.20m .
Figure 75. Description log of the P-5S-93 boring.
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Figure 76. Representative microfossils in the P-6S-93
boring: a,b,c) Ammonia parkinsoniana at 15.80 m; 
d) Elphidium sp. at 15.80 m.
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SEDIMENT 
E DESCRIPTION
C la y , very d usky red 10R  2 /2 , w /  scattered  w o o d y  fragm ents, 
carb on ized , peaty c la y  tow ard b a se , abundant d ia g cn etic  
cem en ts.
P ea ts , very dusky red 10R 2 /2 , w / occasion al large w ood  
fragm ents, and org a n ic  c la y , shelly , o live black, 5Y  2/1 , grading  
to fa t c lay , o live gray 5Y  4 /2 , m assive , bioturbated.
C la y , o liv e  gray 5Y  4/1 to very d u sk y  red 10R 2 /2 , rooted , 
m assiv e , b ioturbated , s lig h t ly  silty .
C la y , o live gray 5Y  4 /1 , silty , m a ss iv e , d ia g en etic  z o n e s  at 
bed partings.
C la y ey  silt, o live gray 5Y  4 /1 , m assive to faintly lam inated w / two  
cream y diagcnetic layers, lam inated at base, very silty.
S ilty  c lay , o live gray 5Y  4 /1 , m assive w / num erous silt- 
filled  burrows, intcrbeddcd w / s ilt , argillaceous, m assive.
S ilty  C lay , and silt , as above, m assive and slightly organic at 
top, silt unit d isp lays inclined  cross stratification.
C lay, silty, o live gray 5Y  4 /1 , 
lam inations.
above, m assive , very faint, fine
C lay, slightly silty, o live gray 5Y  4 /1 .
C la y , olive gray 5Y  4 /1 , m assive , m ottled , burrowed grading  
dow nw ard to silty  clay  and silt near base, lam inated. ~
S ilty  c la y , o live gray 5Y 4 /1 , m ottled , grading to c la y ey  s ilt , 
light olive gray 5Y  5 /2 , w / scattered co ffe e  ground organics.
S ilt , o live  gray 5Y  5 /2 , h igh  an g le  cro ss beds.
S ilty  c la y , o live gray 5Y  3 /2 , m assive , C layey  s ilt , o live  gray  
5Y  3/2 , lam inated w ith  large carbon ized  w ood  fragm ents.
S ilty  c lay , o live "ray 5Y 3 /2 , m assive , organic, num erous 
carbonized w ood y  fragm ents, and silt , cross bedded in m idd le, 
partially bioturbated in basal unit.
C layey  silt, o live  gray 5Y  3 /2 , m assive w / occasion al 
w ood/plant fragm ents
C la y , olive black 5Y  2 /1 , organic, rooted.
S ilty  c lay , m oderate brow n 5Y  3/4,organic w / w ood y  roots 
cutting vertically w ith a llocthon ou s silt m ass.
S ilt , dark yello w ish  brow n lO Y lt 4 /2 , m assive  
S a n d , fine grained, dark y e llo w ish  brown 10Y R  4 /2 , w / thin 
Hood clays w ithin , occasion a l rafted organic lens, low angle  
cross bedding.
S ilt , m oderate yello w ish  brow n 10Y R  5 /4 , lenticular cont. thin beds. 
S ilty  c lay , dark y e llo w ish  brow n 10Y R  4 /2 , lenticular discont.
S a n d , dark yello w ish  brown 10Y R  4 /2 , lenticular cont. w / thin clay  
partings.
C la y , olive black 5Y  2/1 to o liv e  gray 5y  4/1 w / sill-filled  burrows, 
m assive w / num erous scattered shell fragm ents.
Figure 77. Description log of the P-6S-93 boring.
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between 8.3 and 7.5m depth. The section was barren of 
microfossils.
The Teche Ravinement was assigned at 13.79 m on the 
basis of three lines of evidence: 1) a radiocarbon age date
for an organic sample at 13.90 meters yielded an age of 4.91 
± .11 ka, so the base is above this datum; 2) X-ray 
radiographs taken of this core revealed a sharp contact, 
with a scour base, in which creamy clay and sand sediments 
overlie an organic marsh, the roots from which are replaced 
with diagenetic cements (Figure 78); and 3) the description 
log provided (Figure 79) does not give any indication that 
other possibilities exist above. If this interpretation is 
correct, basal Lafourche sediments are channel fill in 
nature and the old age for uppermost Teche sediments 
represents considerable scour erosion.
Base of Lafourche Delta, P-3-93
As of the date on this report, the Lafourche interval 
in the P-3-93 has not been described nor has it been sampled 
for radiocarbon age dating. Insufficient funds at the end 
of the Wetlands project precluded further analyses. The P- 
3-93 core has been archived at LSU's Industriplex Boulevard 
warehouse.
Base of Lafourche Delta, TM-14-83
Descriptive work on this deep boring was done many 
years prior to the author's arrival at LSU. Based on
160
Teche H H  
Kavinement 
@  13.79 m l
Figure 78. X-ray radiograph of interpreted Teche Ravinement 
in the P-2-91 boring. Note the cloudy appearance 
of silty bay muds unconformably atop rooted marsh 
deposits. Core is about 10 cm in diameter.
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S E D IM E N T  
TYPE DESCRIPTION
C la y ,  dark  gray, N 3, to m odera te  brown 5 Y R  3/4, 
roo ted ,  slightly silty, w ith  occas ional  Rangia sp. 
clam ; 2 thin p e a t s  nea r  top.
C la y ,  m ottled ,  roo ted ,  massive ,  slightly silty, rare 
shells, organic base, w oody  fragm ents.
C la y ,  g rayish  b lack  N 2 at top, grad ing  d o w n w a rd  to 
It. olive gray  5Y 611 , m assive ,  sidcritic, roo ted ,  scat.  
S ilty  C lay ,  m odera te  brown 5Y R  4/4, roo ted ,
Silt ,  yellow ish  gray  5Y 7/2, lenticular  c o n t in u o u s  
w /m in o r  cross bedding.
No R ecovery ; silt on  e-logs
C la y ,  olive gray  5Y 4/1, m assive  sil ts  a n d  c lay s ,  
in le rbedded , dusky yellow ish  b row n 10YR 2/2 ,  w / 
c l im bing  ripples and len ticu lar  cont.  cross bedd ing .
S ilts  a n d  c lays ,  as above, with occas ional w a te r  
escape  s tructure , lam ina ted  base.
S ilts ,  grayish orange 10YR 7/4, lenticular  c o n t in u o u s  
cross  bedding w / fine c lay  in tcrbcds,  dcpos i l iona l  dip 
C la y ,  dark  yellow ish  brow n 10YR 4/2, w / large
S ilts ,  as above, in te rbedded  with s il ty  clay.
S a n d y  Silt ,  len ticu lar  con t inuous ,  arg il laceous,  
w oody fragm ents.
S a n d ,  m odera te  yellow ish  brown 10YR 5/4 w /  thin 
flascr c lays, very line grained  c lay ,  dark yel low ish
S a n d y  Silt ,  m odera te  yellow ish  brown 10Y R 5/4 
with thin clay par t ings ,  len ticu lar  atop, cross
C la y ,  m odera te  yellow ish  brown 10YR 5/4, m assive ,  
S a n d y  Silt ,  as above, massive and cross bedded .
Silty  c lay ,  dark yellow ish  brown 10YR 4/2 ,  trace 
Sand^  jm K le n u e ^ y d J jw  fine.
T eche  R a v in e m e n t  a t  13 .79m
Silty  c lay ,  dusky yel low ish  brown 10YR 2/2 w / 
thin peat atop, coffee g round  organics below,
79. Description log of the P-2-91 boring.
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descriptions of the core and radiocarbon ages, a datum of 
9.5 meters is assigned.
Cross sections utilizing ages interpreted as the base 
of the Lafourche delta are provided in APPENDIX H.
DEEP INVESTIGATION, BASE TOPSTRATUM 
Previous Studies 
Fisk (1944), working with an extensive deep boring data 
base, recognized that incised valleys occur beneath 
Louisiana bays and estuaries. He suggested the valleys 
resulted from sea level lowstand and proposed they probably 
extend offshore. Fisk (1944; 1947; 1951; 1952; 1954) 
identified two so-called formations in the course of these 
studies; 1) a fine-grained Topstratum, deposited during 
rising sea level and 2) a coarse-grained Substratum, 
deposited during and just after maximum low stand.
Posamentier and Vail (1988), and others, have 
recognized the sedimentological response to sea level 
fluctuations on continental shelves and adjacent terranes.
A sea level curve representing major events in the past
20,000 years is provided (Figure 80). The sea level minimum 
is estimated at about 18,000 years ago. The coarse-grained 
Substratum was deposited as a basal fill in a scoured 
Mississippi valley following maximum lowstand (Fisk, 1944). 
As sea levels continued to rise, coarse-grained deposition 
was displaced up the alluvial valley, and in time, a fine­
grained Topstratum valley fill filled the lowstand valleys. 
Presently, Topstratum-like materials are being deposited 
outside of these old valley confines.
A cross section across the now-filled valley 
illustrates the coarse-grained Substratum, presumably
163
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Figure 80. Curve representing major relative sea level 
changes in the past 20,000 years (after 
Morton, 1991).
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deposited by high-gradient braided streams, occupying the 
base of the valley, while fine-grained Topstratum, deposited 
by low-gradient meandering streams, occupying the upper part 
(Figure 81). From a soils strength standpoint, the net 
result of valley cutting and filling was the removal of a 
great wedge of consolidated Pleistocene soils, and its 
replacement by a younger, mixed sequence, the uppermost 
member of which is subject to rapid consolidation 
settlement.
Roberts (1985) referred to this wedge as the Holocene 
valley fill, and reported on a relationship between the 
thickness of this wedge and the rate of radiocarbon age 
versus depth-determined subsidence, i.e., the thicker the 
valley fill, the greater the subsidence rate, and vice versa 
(Figure 82). This relationship suggests a high order 
subsurface control for wetland loss in south Louisiana.
Diagnostic Criteria. Base Topstratum
Distinction between Topstratum and Substratum deposits, 
as per previous studies, has been based on grain size, 
alone. This criteria is not sufficiently rigorous to 
accurately map thicknesses of these units.
Grain size data were collected, during the course of 
this study, on various Topstratum and Substratum sands. In 
addition, three modern sandy environments were tested, and 
these were: 1) the point bar at Plaquemine Point; 2) a
beach and a dune sand from Grand Isle; and 3) a distributary
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Figure 81. Schematic geological cross section G-G'
illustrating the valley fill complex in south 
Louisiana (modified from Saucier et al., (1991)
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Holocene valley  Fill
.^Pleistocene Sedim ents
Figure 82. A comparison of radiocarbon-determined
subsidence rates from three vibracores near 
Morgan City, Louisiana. Transect from valley 
shoulder to valley floor indicates increasing
mouth bar sand from South Pass. All data are plotted on the 
basis of median grain size (M) versus the coarsest 1st 
percentile (C), as per Passega (1957). The plot (Figure 83) 
reveals that modern sandy environments plot like typical 
Topstratum deposits, all are very fine to fine-grained.
None of the modern or Topstratum samples plot in the median- 
grained field. Substratum sands can have fine-grained 
members, especially near the top, and be Topstratum-like.
On the contrary, only Substratum sands can plot in fields as 
coarse as the shaded area indicated as "Substratum only" on 
Figure 83. It appears a diagnostic approximation for 
Substratum sands can be made when the coarsest 1st 
percentile grain size is greater than 350 ym. A 
photographic plate which exhibits coarse-grained gravels 
washed from split returns from the P-3-93 boring is provided 
(Figure 84). Grains up to 3 cm in long axis are included in 
this photograph.
Cone Penetrometer Method
Cone penetrometer technology was developed in Amsterdam 
by De Ruiter (1971) and is sometimes referred to as the 
"Dutch Cone Test." This method has excellent utility in 
subsurface soil classification (Tumay, 1985).
The cone method involves the insertion of an electrical 
and/or friction cone tool into the soil by use of push rods. 
The tool tip is cone-shaped. Behind the tip, in the logging 
tool, is a strain gauge which measures tip resistance
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Figure 83. Coarsest 1st percentile (C) versus median grain 
size (M) for Topstratum, Substratum, and modern 
sands in study area.
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Figure 84. Coarse-grained Substratum gravel washed from 
split spoon returns, P-3-93 boring, 50-60 m.
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encountered in the soil (Annual Book of ASTM Standards, 
1994c; Schaap and Zuidberg, 1982). Strain measurements are 
converted to electrical signals and sent electronically into 
the logging truck through cable in the push rods. The cone 
penetrometer is capable of other tests, but this study will 
focus on tip resistance only.
Topstratum sands characteristically produce tip 
resistance values of 40-80 kg/cm2. Diagenetically cemented 
units are occasionally encountered near the tops of sand 
bodies, and these produce tip resistance in excess of 100 
kg/cm2, but these are very thin (usually less than 0.2 m 
thick) and are manifested on the log as random spikes.
Substratum sands, by contrast, are older, more highly 
consolidated, and generally exhibit larger grain sizes than 
their Topstratum counterparts. Tip resistance in Substratum 
sands commonly exceeds 100,000 kg/cm2 in the transition zone 
immediately above the boundary and exceeds 120,000 kg/cm2 
within the unit. An important distinction between 
diagenetically cemented Topstratum sands and Substratum 
sands is in the vertical persistence of high tip resistance. 
Substratum sands are defined, mechanically, in this report 
as those sands which produce tip resistance measurements in 
excess of 120,000 kg/cm2 and which persist, vertically, over 
2-3 continuous meters.
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Boundary Definition, P-l-90
Modern methods were used in defining the Base 
Topstratum/Top Substratum datum in this report. For the P- 
1-90 boring (Figure 85), a montage is presented which 
includes sonic and density logs, a calculated reflection 
coefficient derived from these logs, a cone penetrometer tip 
resistance log, and a plot indicating degree of 
bioturbation, as determined from the description of the 
core.
The boundary is placed at 47 m on the following basis:
1) an increase in sonic velocities below; 2) an increase in 
bulk densities below; 3) a calculated reflection coefficient 
(RC) indicating this is a seismically mappable horizon; 4) a 
high cone penetrometer tip resistance (TR) indicative of 
coarse-grained sands; and 5) evidence that the unit above is 
bioturbated while below it is not.
These data, taken in total, indicate fundamentally 
different materials are present above and below this 
boundary. This boundary definition allows researchers to 
step away from this location, and with the aid of two or 
more of these data sets, assign a Top Substratum datum 
without relying on grain size data, alone.
Boundary Definition, P-2-91
A montage is presented which illustrates criteria used 
to determine a Base Topstratum/Top Substratum datum in the 
P-2-91 boring (Figure 86). The boundary was assigned at 69 m
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Figure 85. Base Topstratum/Top Substratum pick in P-l-90
boring. Legend: SONIC = sonic velocity; DENSITY 
= compensated formation density; RC = calculated
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Figure 86. Base Topstratum/Top Substratum pick in P-2-91
boring. Legend: SONIC = sonic velocity; DENSITY 
= compensated formation density; RC = calculated 
reflection coefficient; TR = tip resistance; 
BIOT. = degree of bioturbation.
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depth based on the following criteria: 1) an increase in
sonic log velocities below; 2) an increase in bulk density 
values below; 3) a high calculated reflection coefficient 
derived from the logs (indicating this is a seismically 
mappable horizon); and 4) an absence of bioturbation below. 
Tip resistance profiling was aborted (a push rod snapped 
approximately 5 m below ground level) at 67 m, just as the 
tool was penetrating a transition zone near Top Substratum. 
Boundary Definition, P-3-93
The boundary for the Base Topstratum/Top Substratum in 
the P-3-93 boring was assigned at 44 m depth (Figure 87) and 
was based on the following criteria: 1) an increase in
sonic velocities below; 2) an increase in bulk density 
values below; 3) a relatively high reflection coefficient 
(which would resolve the boundary only if other reflections 
above were eliminated due to bed thickness); and 4) a high 
tip resistance. Bioturbation records were incomplete at the 
point of interest because no cores were retrieved below 
39 m. Tip resistance was the most important factor used in 
making this decision.
Value in Boundary Definitions 
The value in having boundary definitions lies in one's 
ability to use these criteria elsewhere. Since deep 
boreholes are expensive, and logged holes in Quaternary 
sediments are extremely rare, the method which emerges as 
quick and reliable is the cone penetrometer tip resistance
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Figure 87. Base Topstratum/Top Substratum pick in P-3-93
boring. Legend: SONIC = sonic velocity; DENSITY 
= compensated formation density; RC = calculated 
reflection coefficient; TR = tip resistance; 
BIOT. = degree of bioturbation.
tool. This study calibrates the cone method to south 
Louisiana's valley fill stratigraphy. The cone method, 
based on the results of these three test holes, can be used 
with confidence to pick the Base Topstratum/Top Substratum 
datum. Substratum sands are only found in the valley fill 
complex, as defined by Saucier et al. (1991), and are 
defined as those sands which produce tip resistance greater 
than 110,000 kg/cm2 and which persist over a continuous 
interval greater than 2.0 m .
RECOGNITION OF THE ROLE OF FAULTING 
Surprise at P-2-91
The Fisk model of valley fill explained differences in
relief at the level of the Top Substratum to result from
differential scour and fill by distributaries active in 
basal Topstratum time (Fisk, 1947). Nothing was mentioned 
of contemporaneous growth faulting as a controlling 
mechanism for observed patterns of sedimentation.
The P-l-90 boring encountered the Top Substratum at
47 m. An organic sample dated just above the boundary 
indicated basal Topstratum sediments were deposited at this 
locality some 11.30 ka (Figure 88). Top Substratum datum
was predicted to be encountered structurally higher at P-2-
91, since it was located 22 km updip of P-l-90. Instead,
Top Substratum was encountered at a very deep 69 m. Basal 
Topstratum sediments were over 15.06 ka immediately above 
this boundary. Based on these findings, the following 
statements can be made: 1) the Top Substratum datum appears
to be a diachronous surface; and 2) a basal Topstratum-like 
section is present at P-2-91 which is not present at P-l-90. 
Despite diachroneity, "Substratum" and "Topstratum" still 
satisfy the definition of a formation as one rock or
sediment type which is mappable either in outcrop or in the
subsurface (Dictionary of Geological Terms, 1976). The 
mechanism to explain the findings at P-2-91 was the only 
issue. Faulting was suspected (Kuecher et al., 1992).
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Figure 88. Schematic section between the P-2-91 and the 
P-l-90 borings indicating radiocarbon ages 
determined in each boring and correlation of Top 
Substratum.
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Several hundred active surface faults are known onshore 
in the Texas-Louisiana Gulf Coast, and hundreds have been 
identified offshore. The vast majority are listric normal 
faults with near-surface dips of 70-85 degrees (Norman, 
1994). One universal truth about growth faults is their 
tendency to produce preferential thickening on the 
downthrown block (Galloway, 1986; Weimer and Davis, 1976; 
Kosters, 1989; Ferm and Weisenfluh, 1989). Occasionally, 
earthquakes are associated with these seismically active 
zones, but the magnitudes, historically, in south Louisiana 
are 3.0 or less (Lopez, 1991).
Acquisition of Seismic Data
In May 1991, Seismic Exchange, Inc. (SEI), following a 
request for data, agreed to allow the author viewing access 
to over 3000 line-kilometers of SEI-owned data; this viewing 
facilitated through Shell Western Exploration and 
Production, Inc. (SWEPI) in Houston. The author produced a 
map of the subcropping locations of major faults in the 
study area. Two years later, (May 1993), SEI granted 
permission to the author for the release of eight (8) key 
line segments to use as plates in this dissertation. The 
line segments and the faults they are intended to illustrate 
are provided (Figure 89). No identifying shotpoint or 
processing information was allowed to be disclosed, as per 
agreement with SEI. Fault nomenclature was borrowed from
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Figure 89. Base map showing seismic line segment coverage 
and the faults they are intended to illustrate
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an unpublished Pennwell Publishing Company map. Details of 
fault trends and their subcropping locations are the 
interpretation of the author.
The Lake Hatch Fault
An uninterpreted seismic section illustrating the Lake 
Hatch Fault is provided (Figure 90). On the base map, this 
is section D-D'. Reflection discontinuities identify the 
fault. The proposed subcropping location is just to the 
north of P-2-91; its location projected 0.8 km from the west 
into this line of section. Maximum borehole penetration, 
converted to two-way time (TWT), is shown.
An interpreted D-D' section is provided (Figure 91). 
Slight rollover is evident on the footwall reflectors. This 
fault may splay, or splinter, into a series of minor 
displacements near the surface, and it is not the author's 
intent to imply no other faults exist.
The Lake Hatch Fault is mapped as a series of cuspate 
faults which join to produce a long growth fault trend. The 
orientation is slightly oblique to-the-basin, and is south- 
dipping. Fault splays are common. Additional seismic 
coverage is provided in Appendices F and G.
The results of P-2-91, with a very deep Top Substratum 
and additional basal Topstratum section compared to sections 
away from faults, e.g., P-l-90, can be explained by active
DP -2 -9 1  (proj. 0 .8  km. from W)A 3
Lake Hatch Fault TW T
sec.
0.0
0.134 s. TWT
Seismic data provided by SEI, Inc.
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Figure 90. Uninterpreted seismic section D-D' illustrating 
the Lake Hatch Fault and its subcropping 
location. The P-2-91 boring has been projected 
0.8 km from the west into this line of 
section. Maximum penetration of the P-2-91 
boring, converted to two-way time (TWT) is 
shown.
D D '  184
Lake H atch  Fault 
P -2 -9 1  (proj. 0.8 km. from W ). J
N3S»Sig»SSisgiS*»*{?^0.134 s. TWT» _ _ _ _
l^ ^>w i^i>n>> (^ijiii>iii;W8i^
«*»*"» ^ >vy^ faw4w>t>t.rilVrf LfSnK**">■
iwimm
)T 1 i .^»fa Igi
7*^U ty )fM )u ir i>>Pu>j^ >>> ^ g ^ ) i>»),.t,».'i
- -"^“••••■•■iliiiinfi ifii'iiiiMfft'i rtfclitt ii iifih^ hhrn'limiilrn" il
»»TffT r»»
i»)«»y>*flM
M/iyttthJftBKRkfefclbluM
■ s r ^ - -wmrnrnm g^ ijMi'!Kfe8isaBa«tesessgte^ WFV'Tasrto
..>>►*+• »m'i* ►*****•
lazsti^ irfi|i,iifin n ^ ^ i| i ■
.U X '^ lu i.A m  UM>aianitAimu»**sl>l: Jsji^WttWytnWyW**
Lff‘;'.\^ >)uftK>t*:
^■^lf Vill^/ljjl i|,|li)Oj|^|WlWIl^g
Seismic data provided by SEI, Inc
,H^i^iiiTl^HWhtoAiA'>nf,&>i inW i*hi>^|i
Scale
ir——i .
1 2  3 4
Kilometers
Figure 91
TWT
sec.
“ 0.0
1.0
a 2.0
■ 3.0
4.0
n 5.0
Interpreted seismic section D-D' illustrating 
the Lake Hatch Fault and its subcropping 
location. Additional sliver faults, either in 
front or behind the mapped fault, may be 
present. The P-2-91 boring is projected 0.8 km 
from the west into this line of section, and its 
maximum penetration, converted to two-way time 
(TWT) is shown.
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faulting and structural control on basal Topstratum 
deposition. If this is correct, then a model has been 
established whereby preferential thickening of 
consolidation-prone Topstratum deposits can be mapped along 
the Lake Hatch Fault system.
Fault displacement, in this report, will be examined in 
two time windowss 1) Top Substratum, with various ages 16- 
11 ka; and 2) Base of Lafourche Delta, with ages of 2.4 -
2.0 ka. Known fault displacement at the level of Top 
Substratum affects the thickness of Topstratum deposits, 
specifically the thickness of the Lafourche Delta, which 
rides piggy-back on this downward-riding block.
The Spur Fault
Uninterpreted seismic section H-H' (Figure 92) is 
provided in this report to illustrate the seismic character 
of the Spur Fault. Seismic reflection discontinuities 
identify the fault, its mapped subcropping location 
indicated. A buried valley is proposed on the fault's 
downthrown block.
Interpreted seismic section H-H' accompanies this 
discussion (Figure 93). Other faults may be present.
Presently, the Spur Fault is mapped as an oblique to- 
the-basin fault, and is south-dipping. Poor seismic control 
preclude joining the Spur Fault with the Lake Hatch Fault to 
the west, but this may be the case. If this fault displays
H
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location.
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Figure 93. Interpreted seismic section H-H' illustrating 
the Spur Fault and its mapped subcropping location. 
Additional sliver faults, either in front or behind 
the mapped fault, may be present.
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growth, then one would expect preferential thickening of the 
Topstratum and Lafourche Delta sections on its downthrown 
sides.
Additional seismic coverage on the Spur Fault are 
provided in Appendices F and G.
The Golden Meadow Fault
Uninterpreted seismic section C-C' (Figure 94) is 
provided in this report to illustrate the seismic character 
of the Golden Meadow Fault. Seismic reflection 
discontinuities identify the fault, and its mapped 
subcropping location is indicated.
Interpreted seismic section C-C' accompanies this 
discussion (Figure 95). Vertical offsets are evident even 
at the shallowest reflectors, indicating this fault is 
active.
Presently, the Golden Meadow Fault is mapped as an E-W 
parallel to-the-basin growth fault. Splay faults are 
common, and it is not the author's intention to imply no 
other faults exist. Preliminary seismic indications are 
that the fault exhibits larger throw to the west at shallow 
horizons, and very little throw to the east, thus the dashed 
line. If the fault exhibits growth in the shallow sections, 
preferential thickening of Topstratum and, specifically, 
Lafourche Delta sections is expected on the fault's 
downthrown block.
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the Golden Meadow Fault and its mapped 
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be present.
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Additional seismic coverage on the Golden Meadow Fault 
is provided in Appendices F and G.
The Bay LaFleur Salt Collapse Graben
Uninterpreted seismic line 0-0' is provided to 
illustrate another important fault type affecting sediment 
thicknesses in the study area (Figure 96). The controlling 
faults trend N-S, and each dips to the center of a salt 
collapse graben feature. Interpreted line 0-0' (Figure 97) 
illustrates the seismic complexity of this feature. 
Generally, reflectors dip towards the center of this 
feature.
This interpretation was based on two lines, although 
only one was released for publication.
Collapse systems have been identified in literature by 
Seglund (1974), and the large feature he maps, the Four 
Island Collapse, either contains the presently identified 
feature or is separate from it. Additional seismic control 
is necessary. What is important about the Seglund (1974) 
work is that it provides a subsurface mechanism for sediment 
collapse at the surface.
Supporting Evidence for Active Faulting 
Vegetation Mapping
Chabreck and Linscombe (1978) produced a vegetation 
type-map for the coastal areas in Louisiana (Figure 98).
This map identified zones of fresh, intermediate, brackish,
O '
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Figure 96. Uninterpreted seismic section 0-0' illustrating 
the seismic character of the Bay LaFleur salt 
collapse. The structure is a tensional graben 
caused by salt withdrawal at depth.
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depth. Additional sliver faults may be present.
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- FRESH MARSHES \
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‘ MARSHES
- BRACKISH MARSHES
- SALINE MARSHES
- NON-MARSH AREAS
Figure 98. Vegetation type-map of coastal Louisiana
illustrating the vegetation zonation of fresh, 
intermediate, brackish, and saline marshes 
(Chabreck and Linscombe, 1978).
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and saline marshes. The boundaries for these vegetation 
types looks suspiciously like the fault map (refer to 89). 
The W-E trending Golden Meadow Fault closely approximates 
the position of the boundary between saline and brackish 
marsh, while the SW-NE trending Lake Hatch Fault closely 
approximates the position of the boundary between brackish 
and largely fresh marsh. Faults appear to actively 
compartmenta1ize surface water masses, and the vegetation 
that resides within.
Subsidence Station Anomalies
The Louisiana Geological Survey established 59 bench 
mark stations along Bayou Lafourche in 1965 to be used for 
geodetic leveling with a tectonically stable station, 
Pensacola, Florida. In 1982, 20 of these stations were 
considered of high enough quality to determine subsidence 
rates over this interval of time (Figure 99). Average 
subsidence values, in cm/year, are provided on the base map. 
Superimposed on this map are the position of two major 
growth faults which intersect Bayou Lafourche, the Golden 
Meadow Fault and the Lake Hatch Fault. Highest rates of 
subsidence appear to be found on the downthrown sides of 
these faults. These faults are active.
Argonne Laboratory Resistivity Anomaly
Electrical earth resistivity measurements, conducted by 
Argonne National Laboratory, were made in several random 
field areas in south Louisiana. One such field area just
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Figure 99. Louisiana Geological Survey subsidence bench
mark stations produced subsidence values (cm/yr) 
as listed for the period 1965-1982 (Penland et 
al., 1988). Superimposed on this data set are 
the locations of two major growth faults in the 
study area. Rapid subsidence rates are exhibited 
on each fault's downthrown side.
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happened to be located immediately on the downthrown side of 
the Golden Meadow Fault between Bayou Lafourche and Bayou 
Grand Caillou (Figure 100). Results of this study revealed 
a very conductive, high salinity shallow soil horizon which 
abruptly terminates to the north. Salinity gradients 
suggest this soil horizon is freshening toward the Gulf from 
a localized point source for salt. Concern for salt water 
intrusion in these areas, this study suggests, may have been 
confused with salt brines emanating from the subsurface.
The northern boundary of this salinity anomaly is the 
Golden Meadow Fault (Figure 89). Brines are apparently 
migrating up these fault planes from dissolution at depth 
(McManus and Hanor, 1993) and infiltrating shallow aquifers. 
The author believes a more systematic approach to identify 
brine infiltration would be to survey along the entire 
length of each mapped fault.
Hotspot Mapping
Wetland geochemists have been alerted to the fact that 
rapid subsidence resulting in new bay areas sometimes occurs 
as "hotspots." One such area where vertical sediment 
accumulation rates were studied with 137Cs dating techniques 
the Lake Barre area, and immediately northwest (Nyman et 
al., 1993). The rates reported in that data set (in cm/yr 
terms) were contoured on a base map by the present author. 
The hotspot shape which emerged from that exercise was
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Figure 100. Salinity anomaly identified in shallow earth 
horizon by Argonne National Laboratory earth 
resistivity profiling. The northern boundary of 
this anomaly marks the Golden Meadow Fault.
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N-S trending and consisted of two separate closures (Figure 
101) .
Transferring the hotspot contour map to a smaller scale 
with mapped faults indicated, the hotspot's N-S grain is 
clearly set up by the N-S structural grain of the collapse 
graben (Figure 102). To the north, the hotspot shape sub­
parallels the Golden Meadow Fault. Again, the relationship 
between subsurface processes and surficial expressions of 
wetland loss appears to be a direct one.
Cone Penetrometry
As mentioned in the DEEP INVESTIGATION, BASE TOPSTRATUM 
chapter of this report, the cone penetrometer has great 
utility for identifying the boundary datum Base 
Topstratum/Top Substratum in the valley fill complex.
Testing for this datum on the upthrown and downthrown sides 
of seismically mapped faults allowed the author to precisely 
locate the subcropping location of faults, and in many 
cases, measure their displacement. An LSU access and 
indemnity release, which made it possible to perform cone 
penetrometer field research on private properties, is 
provided in Appendix E.
A work program was initiated through the Louisiana 
Transportation and Research Commission (LTRC) to accomplish 
these aims. Figure 103 includes the mapped position of 
faults, the locations of cone penetrometer tests (solid
Figure 101. Contoured values of vertical accumulation 
rates, as per Nyman et al. (1993) in the 
Lake Barre "hotspot".
Figure 102. Hotspot in relation to mapped faults in study 
area. The relationship appears to be direct. 
Data from Nyman et al. (1993).
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surveyed; circles within solid triangles are
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triangles), and the depth at which each test encountered Top 
Substratum. Also included are proposed sites (open 
triangles) and Army Corps deep boring data (solid squares).
The major limitation of the cone penetrometer is depth. 
As standard practice, LTRC suggests a maximum penetration 
depth of 54.4 m. In areas where the upthrown block is 
greater than 54.4 m, no diagnostic information can be 
obtained, e.g., if the depth on the upthrown side is not 
known, the depth on the downthrown side will not be known 
either. Likewise, if the upthrown side is known, and the 
downthrown side was deeper than the length of the string, a 
"greater than" value is obtained. The definitive data set 
is when both upthrown and downthrown datums are penetrated.
Most convincing evidence for displacement at the Top 
Substratum occurs at three localities: 1) on the western
splay of the Lake Hatch Fault two Army Corps borings are 
offset by almost 8 m (60.1-51.8 m); 2) on the Spur Fault 
where the offset between two cone penetrometer tests is 7 
meters (51.0-44.0 m.); and 3) on the Golden Meadow Fault 
southeast of Lake Boudreaux, where an offset of greater than 
7.4 m is documented (>54.4-47.0 m).
DISCUSSION OF MODELS 
Model for Lafourche Delta Thickness 
Topstratum valley fill stratigraphy is relatively 
simple if two borings in close proximity are both in the 
same unfaulted block. Case in point is the section between 
TM-14-83 and P-l-90 (Figure 104). No mapped fault cuts 
through or between these two borings. Both encountered the 
Top Substratum at about the same depth and the 
chronostratigraphic correlations at 10.0 ka and 5.0 ka are 
strikingly parallel. The thickness of the Lafourche Delta 
and older deltas is similar in both borings. Faults change 
this, as made clear with the section between P-2-91 and P-l- 
90 (refer to Figure 88). Faults penetrating into Topstratum 
sediments compartmentalize sediments; thick on the 
downthrown side and thin on the upthrown. Normal fault 
displacement at the level of Top Substratum necessarily 
indicates a preferential Topstratum thickening to 
accommodate it.
At the level of the Lafourche Delta, preferential 
thickening into faults can be documented. Cross section A- 
A' (Figure 105, Appendix H) is a dip section through the 
Lafourche Delta. All borings in this line of section were 
sufficiently deep to penetrate the entire Lafourche Delta 
section. The Lafourche Delta appears to be thickening to 
the north into the Golden Meadow Fault, constrained by 
microfossil zones near its base and radiocarbon ages of
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Figure 104. Simple, equivalent stratigraphy in unfaulted 
sections of valley fill.
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Figure 105. Base map of cross sections through the 
Lafourche Delta.
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23 ka or less. Dip angle established into the Golden Meadow 
Fault at the base of the Lafourche Delta was used on the 
upthrown blocks as well. In the P-2-91 boring, the base of 
the Lafourche Delta was placed at 13.79 m based on the 
following criteria; 1) a radiocarbon age in marsh soils 
below which definitely belongs to the older delta? 2) a 
channel fill-like complex located atop this surface which 
may have facilitated scour into Teche soils; and 3) no other 
logical contacts found above which could satisfy the 
boundary conditions.
Seismic mapping in this study placed the subcropping 
location of the Golden Meadow Fault between the P-6S-93 and 
the P-5S-93 borings. Results in this cross section, 
however, indicate the major throw may be to the north of P- 
6S-93, with a sliver fault of minor displacement between the 
borings. The critical control in this interpretation is a 
radiocarbon date in the P-6S-93 boring (12.45 m = 1.78 ±
.11 ka). On the upthrown side of the Golden Meadow Fault 
(based on the results of P-2-91 alone) there appears to be 
no microfossil or macrofossil zones present in Lafourche age 
sediments. This suggests the upthrown block to the Golden 
Meadow Fault may have been subaerially exposed during 
Lafourche deposition. Radiocarbon AMS dating may provide 
some key answers in the future. One may argue with the 
details on the upthrown blocks but it is difficult to
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conceive how this stratigraphy could be resolved without a 
fault or faults.
Dip section A-A' differs with the wedge model for 
ravinement proposed by Penland et al. (1987). Fault blocks 
punctuate these deltaic terranes. If A-A' is an accurate 
picture, marine ravinment is restricted to terranes south of 
the Golden Meadow Fault. This finding has important 
implications for predicting wetland loss. If the Golden 
Meadow Fault is a historic barrier for the invasion of bay 
waters in older deltas, perhaps it will serve as the barrier 
to northward advance in our current land loss scenario.
Cross section B-B' (Figure 105, Appendix H) is a strike 
section through the Lafourche Delta. The base of the 
Lafourche Delta is known at TM-14-83 and at P-4S-93.
Between these borings, the interpretation is one of 
gradually thickening towards P-4S-93. To the east of P-4S- 
93, evidence of buried topography is present. Although TB- 
17 did not penetrate the base of the delta, it came very 
close, bottoming in shelly bay muds. Borings to the east 
i.e., TB-15, -14, and -16 can be correlated nicely, and 
indications are that the -16 boring may occupy the highest 
stratigraphic position, a reflection of drape on a buried 
surface of positive relief. East of TB-16, no deep control 
exists. It is consistent with this model, however, that 
maximum thicknesses of Lafourche Delta sediments produce the 
greatest bay development. Accordingly, a thick section of
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delta sediments is interpreted beneath Lake Felicity.
Borings in these bays are required for 3-D subsidence 
modeling of the Lafourche Delta. Such borings could be 
accomplished with a pontoon-type barge (Stone and Morgan, 
1992).
The Lafourche Delta, as reflected in these two cross 
sections, is one of thick and thin sedimentary sections, 
each the result of faulting or drape over an antecedent 
topography. More deep borings are needed to better-refine 
this model.
Model for Compaction-Prone Accumulations
Cross section A-A' established a N-S structural 
framework in the Lafourche Delta. The Lafourche Delta 
thickens towards the north into the Golden Meadow and Lake 
Hatch Faults.
Figure 106 utilizes the same A-A' borings to address 
the thesis that preferential thicks on the downthrown side 
of active faults consist of preferential accumulations of 
compaction-prone sediments. Compaction-prone sediments are 
interpreted as those in which the sand content is < 20% on 
the boring's description log, while non-compactable 
sediments are interpreteed as those in which the sand 
content exceeds 20%. The sum of compactable and non- 
compactable sediments, as well as the percent of compactable 
sediments in each boring is provided.
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Ic =13-9 i  = 3 o 
|(88%e) Zc= 14.0 
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P-4S-93
Non-compactable (n) 
sandy and silty facies 
(^ 20% sand)
| Compactable (c) 
argillaceous and organic facies 
(<20% sand)
Figure 106. The effect of active faulting on the
preferential accumulation of compaction-prone 
sediments is shown. Downthrown to the Golden 
Meadow Fault, the P-6S-93 and P-5S-93 borings
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The P-6S-93 boring is interpreted to contain 88% 
compactable sediments in the Lafourche Delta section. It is 
spatially located on the downthrown side of the Golden 
Meadow Fault. The P-5S-93 boring site is located 1.4 km to 
the south. The present interpretation is that the P-5S-93 
boring site is fault-separated from P-6S-93 by a fault of 
very minor vertical displacement. The P-5S-93 boring is 
interpreted to contain 82% compactable materials in the 
Lafourche Delta section. Upthrown positions to the Golden 
Meadow Fault are represented by the P-2-91, P-4S-93, and P- 
1-90 borings, in which 78%, 61%, and 71% of the Lafourche 
Delta section consists of compactable sediments, 
respectively. These data indicate downthrown stratigraphy 
is not only preferentially thickened but also consists of 
preferential accumulations of compaction-prone materials. 
This has important consequences for wetland loss.
Numerous authors (e.g., Weimer et al., 1976; Norman, 
1994) indicate sands thicken towards active faults. The 
present study does not refute this. All stratigraphic 
units, whether they are compactable or non-compactable in 
nature tend to thicken towards an active growth fault. 
Rosters (1989) indicates the greatest thickness of peats in 
the Barataria Basin are preferentially located on the 
downthrown sides of faults. In contrast, Ferm et al. (1989) 
and Weisenfluh et al. (1991) indicate Carboniferous coals in 
the Warrior Basin of Alabama occur in linear areas on the
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upthrown side of contemporaneous growth faults. It is 
unclear whether local flooding conditions or the suspended 
clastic sediment load dictate this difference. Likewise, 
peats are not the only compactable facies inventoried in 
Figure 106. Bay muds and prodelta facies constitute the 
bulk of the compactable facies in the P-6S-93 and the P-5S- 
93 borings.
Model for Consolidation Settlement of the Lafourche Delta 
Compression Indices of Tested Facies
The slope of a void ratio, e, versus the log of 
pressure, log p, plot is referred to as the compression 
index, or Cc (after Das, 1990). The compression index is a 
dimensionless unit calculated as follows:
Eq. for Compression Index, Cc
C c =  01 - e2log p2 - log pi
where e-i = void ratio at pi 
e 2 = void ratio at p2 
p 2 = pressure at e2 
p1 = pressure at e1
Values of Cc for all the tested facies in this report 
are provided as follows:
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Facies ei log Pl e2 log p2 Cc
Pt 1 5.40 0.5 4.44 0.8 4.72
Pt 2 NA NA NA NA NA
BM 1.03 0.5 0.54 2.0 0.82
PDU 2.95 0.9 1.70 0.25 2.25
PDL 3.39 0.5 3.18 0.8 1.03
MBS 1.30 4 1.23 16 0.12
MBSO 1.54 4 1.40 16 0.23
ML 0.60 4 0.56 8 0.12
BS 0.62 4 0.60 16 0.05
PBS 1.21 4 1.18 16 0.06
The tested facies were arranged from highest to lowest 
Cc values as follows;
1) peaty facies (Pt 1);
2) prodelta facies (PDU, PDL);
3) bay mud facies (BM);
4) mouth bar sand facies with organics (MBSO);
5) natural levee/splay facies (NL);
6) mouth bar sand facies (MBS);
7) point bar sand facies (PBS); and
8) beach sand facies (BS).
The range in compression indices is great. Peaty 
facies are by far the most compressible samples tested. The 
compression index of peaty facies is 2.1 to 4.6 times 
greater than prodelta facies; 5.8 times greater than bay mud 
facies; 20.8 times greater than mouth bar sand with 50
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volume% detrital organics; 38.3 times greater than natural 
levee/splay facies; and variously between 41.0 to 100.4 
times greater than the three coarsest sands (mouth bar sand, 
point bar sand, and beach sand facies). In essence, 
compactable facies are of three types: peaty facies,
prodelta facies, and bay mud facies. Sands are essentially 
non-compactable.
Settlement Models
Consolidation settlement, S, utilizes values of Cc to 
arrive at a quantitative estimate of surface settlement, and 
is expressed in the following equation:
Eq. for settlement, S 
S _ 5£_JL logpPo + ^  p)l
1 + e0 L (Po ) J
where
Cc = compression index 
H = height, or thickness of subsurface 
facies or specimen in trim ring 
e 0 = void ratio at initiation of loading 
p0 = overburden pressure 
Ap = change in pressure during course 
 of test _________________ ___
The compression index, Cc, is the rate factor in the 
settlement equation. If the value of Cc is high for a given 
layer or facies, settlement, S, is expected to be high. 
Likewise, if the Cc value for a given layer or facies is 
low, settlement is expected to be low.
Two borings, the P-l-90 and the P-6S-93, were modeled 
for cumulative settlement over the interval of the Lafourche
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Delta. These borings represent an unfaulted and a fault- 
controlled stratigraphy, respectively.
Non-fault controlled: P-l-90
The P-l-90 boring was subdivided into six (6) facies 
units above the Teche Ravinement (Figure 107), namely: bay
mud, prodelta, splay, point bar, natural levee, and peaty 
facies. Facies types assigned in Figure 107 are consistent 
with sedimentological characteristics for such facies, 
described in the SEDIMENTOLOGICAL PROPERTIES and Appendix B 
sections of this study. Cumulative settlement, in meters, 
is calculated for each facies layer, progressing from top to 
bottom.
A graphic illustration of cumulative settlement in the 
P-l-90 boring is provided (Figure 108). Most of the 
settlement (0.44 m of the total 0.72 m) occurs in the 
uppermost 2.70 meters of the Lafourche Delta section where 
peaty soils are present. Very little settlement occurs in 
the sandy natural levee, point bar, or splay facies which 
constitutes the middle part of the section. Prodelta and 
bay mud facies at the base of the section are consolidation- 
prone, however, and a slight increase is calculated for 
these intervals.
Fault-controlled: P-6S-93
The P-6S-93 boring represents a fault-controlled 
section. The base of the Lafourche Delta was not 
penetrated, but for purposes of this modeling, the base of
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SETTLEMENT IN A VERTICAL FACIES STACK 
LAFOURCHE DELTA 
P - l-9 0  BORING
AP0
KN/m.
Hb 'SAT 0
FACIES Hm g/cm 3 KN/m3 KN/m% S A N D
TYPE
1 5.29 7.694.717 .445.29Pt 2 2.70 1.20 11.77£SCOCOOCCOOOOOOOC£i-
2
2.70
3
15.17 9.88 0.90 0.471.90 1.53 0.123NL 15.01
4
4.60
5
1.33 0.4822.78 0.063 7.61PB 1 1.55 1.50 14.72
6
7
0.9017.90 0.51Sp 1 40.68 0.1232.50 1.73 16.97
8
9
0.633.1054.23PD 1 1.60 15.70 13.552.2502.30
10
11 3.67 0.720.86057.901.68 16.480.55
58.97 1.071.32 12.95 4.717 0.73Pt 1 0.34
12
13 (1) Splay modeled as a normative natural levee
(2) Bulk densities determined from LITHO-DENSITY Log
(3) Effective overburden pressure
Figure 107. Cumulative settlement calculation in the P-l-90 
boring, Lafourche Delta section. This section 
represents non-fault-controlled stratigraphy.
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Figure 108. Graphic illustration of cumulative settlement 
versus depth for the Lafourche Delta section, 
P-l-90 boring.
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t h e  d e l t a  i s  assum ed t o  b e  a t  a b o u t 17 m e t e r s .  The f a c i e s  
s t a c k  in t e r p r e t e d  in  t h e  P -6 S -9 3  b o r in g  i s  p r o v id e d  (F ig u r e  
1 0 9 ) .  S ix  (6 )  f a c i e s  u n i t s  a r e  r e p r e s e n t e d .  Each  
d e s i g n a t i o n  i s  c o n s i s t e n t  w it h  s e d im e n t o lo g ic a l  p r o p e r t i e s  
o f  t h e s e  f a c i e s ,  d e t a i l  f o r  w h ich  ca n  b e  fo u n d  in  
SEDIMENTOLOGICAL PROPERTIES and A p p en d ix  B s e c t i o n s  o f  t h i s  
s t u d y .  Of t h e s e ,  t h e  m a r s h /n a tu r a l  l e v e e  d e s ig n a t io n  i s  a 
h y b r id  o f  m arsh and n a t u r a l  l e v e e  s e d im e n t o lo g ic a l  
c h a r a c t e r i s t i c s .  An in t e r m e d ia t e  Cc v a lu e  o f  2 .0 0  was 
u t i l i z e d  i n  t h e s e  s e t t l e m e n t  c a l c u l a t i o n s .
A g r a p h ic  i l l u s t r a t i o n  o f  c u m u la t iv e  s e t t l e m e n t  i n  t h e  
P -6 S -9 3  b o r in g  i s  p r o v id e d  (F ig u r e  1 1 0 ) .  The g r e a t e s t  
am ount o f  s e t t l e m e n t  ( 0 .6 3  m o f  t h e  t o t a l  0 .9 0  m f o r  t h e  
L a fo u r c h e  D e l t a )  i s  p r e d ic t e d  t o  o c c u r  i n  t h e  u p p erm ost  
5 .1 8  m o f  s e c t i o n .  Of t h i s  am ount, 0 .2 5  m s e t t l e m e n t  o c c u r s  
i n  t h e  u p p erm o st 1 .5 3  m c h a r a c t e r iz e d  b y  p e a t y  f a c i e s .
M inor s e t t l e m e n t  o c c u r s  b e lo w  5 m e te r s  on  t h i s  p l o t .
M odel f o r  I n c i p i e n t  C om p action  o f  P r o d e l t a
The g e o t e c h n ic a l  b e h a v io r  o f  p r o d e l t a  muds w as t e s t e d  
i n  t h i s  r e p o r t .  P r o d e l t a  muds a r e  s u b j e c t  t o  r a p id  
c o n s o l i d a t i o n  upon lo a d in g .  A n a t u r a l  m echanism  w h ich  lo a d s  
t h e s e  d e fo r m a b le  s e d im e n ts  i s  th e  c o n s t r u c t io n  o f  a b a r r i e r  
i s l a n d .  In  t h e  1853 s h o r e l i n e  map ( r e f e r  t o  F ig u r e  2 ) ,  a 
p a r a l i c ,  b a c k - b a r r ie r  s a g  had d e v e lo p e d , m a n if e s t e d  a s  a 
p a r a l i c  la g o o n . I t  i s  h y p o t h e s i s i z e d  t h a t  t h i s  f e a t u r e  was 
i n i t i a t e d  by lo a d in g  o f  u n d e r ly in g  p r o d e l t a  d e p o s i t s  b y  t h e
DE
PT
H 
IN 
M
E
TE
R
S
219
SETTLEMENT IN A VERTICAL FACIES STACK 
LAFOURCHE DELTA 
P-6S-93 BORING
(2 )
% SAND
(3)
-100%
u <=» .  X
1 a  cv *»■A
2 C=3 4.
3
4
°  S n
 ^ p  J
5
a  P
6
7
j
8 :  j
9
- r1
10 c
11 0 3 ^  p
12 “  1
13
a  r
-^ 1
14
15 Cs. c>»
P
16
Pb S^AT ,  **o
FACIES Hm g /cm  KN/m  K N/m  Cc KN/m2 e0
Pt 2
1.53
Marsh/NL
5.18
NL
9.10
Marsh/NL
13.00
SP
14.90
BM 1
±17.0
Pt 1
1.53
3.65
4.42
3.40
1.90
2.10
1.20
1.37
1.55
1.42
1.58
1.70
11.77
13.44
15.21
13.93
15.50
16.68
3.00
t
16.25
I
40.12
♦
54.03
I
64.84
t
79.26
♦
4.717
2.00
0.123
2.00
0.123
0.860 
—.'7.
3.00
13.25
23.87
14.01
10.81
14.42
7.69
4.00
0.90
4.00
0.90
1.59
0.25
0.63
0.69
0.83
0.85
0.90
±1.00 1.35
(1) Splay modeled as a normative natural levee
(2) Bulk densities determined from LITHO-DENSITY Log
(3) Effective overburden pressure
F ig u r e  1 0 9 . C u m u la tiv e  s e t t le m e n t  c a l c u l a t i o n  in  t h e  P -6 S -  
93 b o r in g ,  L a fo u rch e  D e lt a  s e c t i o n .  T h is  
l o c a t i o n  r e p r e s e n t s  f a u l t - c o n t r o l l e d  
s t r a t i g r a p h y .
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CUMULATIVE SETTLEMENT (m)
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F ig u r e  1 1 0 . G rap h ic i l l u s t r a t i o n  o f  c u m u la t iv e  s e t t l e m e n t  
v e r s u s  d e p th  f o r  t h e  L a fo u rch e  D e lta  s e c t i o n ,  
P -6 S -9 3  b o r in g .
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b a r r i e r  i s l a n d .  A m odel i s  p r e s e n t e d  w h ich  i l l u s t r a t e s  t h e  
d e v e lo p m e n t o f  t h e  b a c k - b a r r ie r  s a g  from  t h e  d e fo r m a t io n  o f  
p r o d e l t a  muds b e lo w  (F ig u r e  1 1 1 ) .  As p r o o f  o f  t h e  
s t r a t i g r a p h i c  r e l a t i o n s h i p s ,  o f f s h o r e  c o r e s  w ere  o b t a in e d  by  
a c o n t r a c t o r  f o r  t h e  L o u is ia n a  G e o lo g ic a l  S u r v e y , I s l e s  
D e r n ie r e s  p r o j e c t .  K olb  and v an  L op ik  (1 9 5 8 ) r e c o g n iz e d  t h e  
sam e phenom ena a s s o c i a t e d  w ith  t h e  lo a d in g  o f  n a t u r a l  
l e v e e s , and c a l l e d  t h i s  l e e  s i d e  s a g  a l e v e e  f la n k  
d e p r e s s io n .  S u p p o rt f o r  t h i s  m odel ca n  b e  fo u n d  i n  N e e se  
(1 9 8 4 )  v ib r a c o r e  c r o s s  s e c t i o n s  A -A ', and F - F ' ,  i n  w h ich  
mapped p r o d e l t a  s e d im e n ts  e x h i b i t  p ro n o u n ced  dow nw arping  
("down drag" t o  K olb  and van  L o p ik , 1958) b e n e a th  t h e  
b a r r i e r s .  Guber and S l in g e r la n d  (1 9 8 1 ) r e c o g n iz e d  
c o m p a c tio n  and l a t e r a l  f lo w  o f  b a c k - b a r r ie r  s i l t y  muds 
f o l l o w i n g  w a sh o v er  and m ig r a t io n  o f  b a r r i e r  sa n d  on  W a llo p s  
I s l a n d ,  V i r g i n i a ,  and c o n c lu d e d  t h e  r o l e  o f  s e t t l e m e n t  
th r o u g h  lo a d in g  i s  a m ore s i g n i f i c a n t  c o a s t a l  p r o c e s s  th a n  
h e r e t o f o r e  r e a l i z e d .
M odel f o r  I n c i p i e n t  C om p action  o f  P e a tv  S o i l s  
A m odern m arsh w as v i s i t e d  in  an i n c i p i e n t  s t a t e  o f  
d e c a y  (F ig u r e  1 1 2 ) .  M arsh b reak u p  s y m p to m a t ic a l ly  b e g in s  
w it h  t h e  b reak u p  o f  c o n t in u o u s  m ats o f  Spartina s p .  g r a s s e s  
( p o s i t i o n  "A") and p r o g r e s s e s  th ro u g h  i s o l a t e d  g r a s s  clum p s  
( p o s i t i o n  "B "), t h e r e a f t e r  r e v e r t i n g  t o  op en  b a y . In  a 
m i c r o t i d a l  s e t t i n g ,  i t  i s  d i f f i c u l t  t o  c o n c e iv e  t h a t  t h i s  
p r o c e s s  i s  due t o  e r o s io n  a lo n e .  The h ig h  m in e r a l m a t te r
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c o n t e n t  t e s t e d  i n  t h e s e  s o i l s  (68-74% ) i s  a  d i r e c t  
r e f l e c t i o n  o f  b a y  mud a d m ix tu r e s  in  t h e s e  c h a n g in g  t e r r a n e s .
In  t h e  G e o te c h n ic a l  C h ap ter  o f  t h i s  d i s s e r t a t i o n ,  
Spartina s p .  s o i l s  w ere  sam p led  a t  t h i s  l o c a t i o n  and run  
th r o u g h  a b a t t e r y  o f  t e s t s .  I n - s i t u  w et d e n s i t i e s  f o r  p e a t y  
s o i l s  a r e  v e r y  lo w , b e tw e en  0 .9 5  (M a cF a r la n e , 1 9 5 9 ) and  
1 .1 3 g /c m 3. W ith  m in or e r o s i o n ,  o r  Spartina s p .  d i e  o f f ,  a 
c a r p e t  o f  b a y  muds b la n k e t s  t h e  a r e a  b e tw een  c lu m p s, lo a d in g  
th em . P e a ty  s o i l s  b e g in  t o  com pact u n d er  lo a d .  The more 
t h e y  c o m p a c t, t h e  m ore b ay  muds a c c u m u la te , and t h e  lo a d  
i n c r e a s e s .
Once b e lo w  w ave b a s e ,  th e  b ay  mud b la n k e t  a s s u r e s  no  
f u r t h e r  e r o s io n  o f  t h e  m arsh s o i l s . B ut t h e  sy s te m  
c o n t in u e s  t o  s u b s id e  t o  d e e p e r  d e p th s  d e s p i t e  t h e  c o v e r .
Bay muds s e a l  u n d e r ly in g  m arsh s o i l s  w ith  an  im p erm eab le  
b a r r ie r  w h ic h  t r a n s l a t e s  t o t a l  s t r e s s  t o  e f f e c t i v e  s t r e s s .
A t a  v e r y  s h a l lo w  d e p t h , p erh a p s o n ly  a few  t e n s  o f  
c e n t i m e t e r s , t h e  u n i t  w e ig h t  o f  b a y  muds and t h e  w a te r  
colum n e x c e e d s  t h e  p r e c o n s o l i d a t io n  s t r e s s  t h e s e  s o i l s  
fo r m e r ly  e x p e r ie n c e d ,  and t h e y  b e g in  t o  com p act u n d e r ly in g  
m arsh s o i l s .  The abandonm ent p h a se  o f  d e l t a i c  d e p o s i t i o n ,  
i t  a p p e a r s , h a s a b u i l t - i n  m echanism  w h ich  a s s u r e s  t h e s e  
a r e a s  w i l l  c o n v e r t  t o  b a y s ,  i n  t im e ,  and a new d e l t a i c  e v e n t  
w i l l  f o l l o w .  Morgan (1 9 7 3 )  r e c o g n iz e d  t h a t  b a y s  form  
b e tw e en  abandoned  d i s t r i b u t a r i e s  b u t a t t r i b u t e s  t h i s  t o  
lo w e r  s u b s id e n c e  r a t e s  a s s o c i a t e d  w ith  m arsh t e r r a n e s .  D ata
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from  t h i s  s tu d y  c o n f l i c t s  w it h  M organ 's (1 9 7 3 )  
i n t e r p r e t a t i o n .
M odel f o r  Bay D evelop m en t  
Thompson (1 9 5 1 ) s t u d ie d  t h e  g e o lo g y  b e n e a th  A t c h a fa la y a  
Bay f o r  t h e  p u rp o se  o f  u n d e r s ta n d in g  t h e  fo u n d a t io n  
m a t e r ia l s  upon w h ich  p i p e l i n e s  w ere  t o  b e  l a i d .  A m o d if ie d  
v e r s i o n  o f  h i s  f in d in g s  i s  p r e s e n t e d  i n  F ig u r e  1 1 3 .
I n c lu d e d  i n  t h e  Thompson (1 9 5 1 ) f in d in g s  w ere  t h e  
f o l l o w i n g s  1) b a y s  r e a c h  a r e l a t i v e l y  u n ifo r m  d e p th  o f  1 . 5 -  
2 . 0 m ;  2)  s h e l l y  b ay  muds o f  1 . 0 - 1 . 5  m t h ic k n e s s  a r e  fou n d  
on  t h e  f l o o r s  o f  t h e  b a y s ;  and 3) an u n c o n fo r m ity  s e p a r a t e s  
s h e l l y  b a y  m uds, a b o v e , from  u n d i f f e r e n t i a t e d  m arsh  
d e p o s i t s ,  b e lo w . T h ese  o b s e r v a t io n s  a r e  c o n s i s t e n t  w ith  a 
c o m p a c t io n a l m odel f o r  b a y  d ev e lo p m e n t p r o p o se d  i n  t h i s  
d i s s e r t a t i o n .  I t  i s  n o t  n e c e s s a r y  t o  in v o k e  1 .5  m o f  
w e t la n d  e r o s io n  t o  a c c o u n t  f o r  1 .5  m o f  b a y  w a te r  d e p th .
A c o m p a c t io n a l m od el f o r  b a y  d e v e lo p m e n t i s  p r o p o se d  
(F ig u r e  1 1 4 ) .  The a u th o r  r e c o g n iz e s  m in or e r o s io n  a t  t h e  
t o p  o f  t h e  m arsh a s  t h e  i n i t i a t i n g  a g e n t  i n  t h i s  p r o c e s s .  
W ater d e p th , t h ic k n e s s  o f  b ay  mud, and p o s i t i o n  o f  t h e  
u n c o n fo r m ity  a r e  b orrow ed  from  t h e  Thompson (1 9 5 1 )  s t u d y .  A 
d e -c o m p a c te d  v ib r a c o r e ,  TB 9 0 -2 3 R , i s  u se d  a s  an a c t u a l  
s t r a t i g r a p h i c  s e t t i n g  a t  t h e  m arg in  o f  T erreb o n n e  B ay. T h is  
m od el accom m odates b a y  d e p th  l a r g e l y  b y  d e fo r m in g  u n d e r ly in g  
p e a t y  s o i l s .  Bay d e p th s  ca n  rem a in  r e l a t i v e l y  u n ifo r m  
d e s p i t e  c o n t in u e d  s u b s id e n c e  b y  d e p o s i t i n g  m ore b a y  m uds.
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Beach
0
Atchafalaya B a y >
1 Scattered 
Shell Reefs
2
MARSH DEPOSITS 
(Undifferentiated)
3
F ig u r e  1 1 3 . Thompson (1 9 5 1 ) o b s e r v a t io n s  on th e
s t r a t ig r a p h y  b e n e a th  A t c h a fa la y a  Bay (m o d if ie d  
f o r  t h i s  s t u d y ) .
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TB-90-23R
0 /K A
o
% SAND
100
Terrebonne Bay
Shelly Bay Muds
m x r
F ig u r e  1 1 4 . P ro p o sed  c o m p a c tio n a l m odel f o r  b ay  
d e v e lo p m e n t.
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The u n c o n fo r m ity  Thompson (1 9 5 1 ) r e c o g n iz e d  h a s  b e e n  
d i s p l a c e d  downward, l a r g e l y  b y  c o m p a c t io n , o v e r  1 .5  m from  
w h ere t h e  i n i t i a l  e r o s io n  o c c u r r e d .
A c a l c u l a t i o n  was made f o r  t o t a l  s t r e s s  a c t i n g  on t h e  
u n c o n fo r m ity  s u r f a c e  i n  t h i s  m odel (F ig u r e  1 1 5 ) .  E f f e c t i v e  
s t r e s s  i s  unknown, b u t  p r o b a b ly  a p p r o x im a te s  t o t a l  s t r e s s  
b e c a u s e  b ay  muds a r e  im p erm eab le  i n  t h e  m id d le  o f  t h e  b a y s  
w h ere  t h i c k n e s s  o f  b ay  muds i s  g r e a t . The u n i t  w e ig h t  o f  
1 .5  m o f  b ay  w a te r  c o n t r ib u t e s  1 .1 5  KN/m2 t o  t h e  e q u a t io n ,  
w h ic h  c o n v e r t s  t o  0 .1 5  k g f /c m 2 s t r e s s  when t h e  f o r c e  o f  
g r a v i t y  i s  f a c t o r e d  o u t . S h e l l y  b a y  muds c o n t r ib u t e  0 .7 0  
KN/m2 u n i t  w e ig h t  a c t i n g  on t h e  u n c o n fo r m ity , w h ic h  c o n v e r t s  
t o  0 .0 7  k g f /c m 2 s t r e s s  when t h e  f o r c e  o f  g r a v i t y  i s  f a c t o r e d  
o u t .  The t o t a l  s t r e s s  a c t i n g  on t h e  u n c o n fo r m ity ,  
t h e r e f o r e ,  i s  0 .2 2  k g /cm 2 f o r c e .  R e f e r r in g  b a ck  t o  th e  
c o n s o l i d a t i o n  c h a r a c t e r i s t i c s  o f  p e a t y  s o i l s  (F ig u r e  1 4 ) ,
0 .4  cm o f  t h e  o r i g i n a l  sam p le  h e ig h t  o f  2 .0  cm had s u b s id e d  
w ith  t h e  m in im a l lo a d  o f  0 .2 5  k g f /c m 2 i n  100 y e a r s ,  o r  20 
volume% had b een  l o s t  t o  c o m p a c tio n . I t  i s  r e a s o n a b le  t o  
assu m e a v a lu e  o f  3 .5  m o f  p e a t  and o t h e r  o r g a n ic  s o i l s  in  
t h e  T erreb o n n e  Bay r e g io n ,  and i f  s o ,  0 .7  m e te r s  o f  bay  
d e p th  c o u ld  b e  accom m odated by c o m p a c t io n , a lo n e  i n  100 
y e a r s . T h is  v a lu e  r e p r e s e n t s  a p p r o x im a te ly  50% o f  p r e s e n t  
b a y  d e p th . I t  i s  a l s o  r e a s o n a b le  t o  assum e t h a t  t h e  h ig h  
m in e r a l  m a t te r  c o n t e n t s  t e s t e d  in  t h i s  s t u d y ' s  p e a t s  i s  n o t  
r e p r e s e n t a t i v e  o f  s u b s u r fa c e  p e a t s . A c a s e  i s  b e in g  a rg u ed
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TOTAL STRESS (aT) ACTING ON UNCONFORMITY 
BENEATH TERREBONNE BAY: A MODEL
TB-90-23R  
a v * -y v
/K A  ^i  I
100 0 1 %  SAND
-2
Terrebonne Bay
Bay Muds 
tunconf
a m -EX X ZTT3
CALCULATION OF 
TOTAL STRESS (aT) AT 'A':
y . = p • g
= 1010 Kg/m3 x 9.81 m /s e c : 
= 9.91 KN/m3 t g 
= 1.01 KN/m2f x 1.5m(z)
= 1.515 KN/m2f 
= 0.15 Kg/cm2f
yeM = P • 9
= 1400 Kg/m3 x 9.81 m /s e c 2 
= 13.73 KN/m3 * g 
= 1.40 KN/m2f x  0.5 m(z)
= 0 .70  KN/m2f 
= 0.07 Kg/cm 2f
oT = 0.22 Kg/cm2f at 
Unconformity
F ig u r e  1 1 5 . T o ta l  s t r e s s  c a l c u l a t i o n  a t  l e v e l  o f  
u n c o n fo r m ity  b e n e a th  T erreb o n n e  Bay.
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t h a t  t r u e  p e a t s ,  h a v in g  h ig h e r  c o n s o l i d a t i o n  s e t t l e m e n t  
c h a r a c t e r i s t i c s ,  w ou ld  a c c o u n t  f o r  a much h ig h e r  p e r c e n t  o f  
b a y  d e p th  th a n  ca n  p r e s e n t l y  b e  a c c o u n te d  f o r  w it h  t e s t  
r e s u l t s  o f  o r g a n ic  m u ck s.
The bathym m etry o f  T erreb o n n e  Bay r e g io n  i s  p r o v id e d  in  
F ig u r e  1 1 6 . The 1 m c o n to u r  was o m it te d  b e c a u s e  i t  was 
o f t e n  s o  c l o s e  t o  t h e  s h o r e l i n e  i t  becam e c o n f u s in g .  
B a s i c a l l y ,  tw o o b s e r v a t io n s  c h a r a c t e r i z e  b ay  b o tto m  
bathym m etry and t h e s e  a r e  a s  f o l l o w s ;  1) a 2 .0  t o  3 .0  m 
p a r a l i c  b a c k - b a r r ie r  s a g ;  and 2) a c e n t r a l  b ay  d eep  w h ic h  i s  
p a r t l y  m o d if ie d  by t i d a l  s c o u r ,  e s p e c i a l l y  i n  t h e  sea w a rd  
p a r t s  o f  t h e  b a y .
An a tte m p t  was made h e r e  t o  c o r r e l a t e  b ay  bathym m etry  
p a t t e r n s  w ith  t h e  n e t  t h i c k n e s s  o f  p e a ty  m arsh s o i l s .
F ig u r e  117 d i s p l a y s  v a lu e s  o f  n e t  p e a t  t h i c k n e s s  d e r iv e d  
from  r e c o n s t r u c t e d  t h ic k n e s s  s e c t i o n s .  H igh  p e a t  
t h i c k n e s s e s  d e f i n e  i n t e r d i s t r i b u t a r y  a r e a s ,  w h i le  aban doned  
d i s t r i b u t a r i e s  c o n t a in  l i t t l e  o r  no p e a t .  T h ere  i s  a  
s u g g e s t i o n  o f  in c r e a s in g  p e a t  t h ic k n e s s  tow a rd  t h e  m id d le  o f  
T erreb o n n e  B ay , b u t  no b a y  c o r e s  a r e  a v a i l a b l e .  I f  p e a t s  
a r e  t h i c k  h e r e ,  a s  a b la n k e t - t y p e  c o a s t a l  p e a t ,  th e n  t h e  
r e l i c  form  o f  t h e  p e a t  m arsh i s  d e f in e d  b y  t h e  p r e s e n t  b ay  
c o a s t l i n e ,  i t s  t h i c k n e s s  c o n t r o l l i n g  b ay  d e p th .
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MADISONi
KLAKElgj
■TAMBOURi
L A K E
F E L I C I T Y
L A K E
BARRE
T E R R E B O N N E /  BAY
K ILO ME TE RS
F ig u r e  1 1 6 . Bathym m etry map o f  T erreb on n e Bay s tu d y  a r e a .  
D epth i s  i n  m e te r s .
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F ig u r e  1 1 7 . N et t h ic k n e s s  o f  p e a ty  s e d im e n ts  in  th e  o r g a n ic  
cap  o f  t h e  L a fo u rch e  D e l t a .
CONCLUSIONS
The T erreb o n n e  B a s in  i s  s u b s id in g  a t  an  a v e r a g e  
r a d io c a r b o n -d e te r m in e d  d e -c o m p a cte d  r a t e  o f  0 .3 1  c m /y r .
T h is  r a t e  i s  much h ig h e r  th a n  t h e  0 .1 2  cm /y r  e u s t a t i c  r i s e  
i n  s e a  l e v e l  r e p o r t e d  b y  G o r n itz  e t  a l .  ( 1 9 8 2 ) .  The 
r e s u l t i n g  l o c a l  r e l a t i v e  s e a  l e v e l  r i s e  i s  l a r g e l y  du e t o  
p r im a ry  and s e c o n d a r y  c o n s o l i d a t i o n  o f  r e c e n t l y  d e p o s i t e d  
d e l t a i c  s e d im e n t s ,  s p e c i f i c a l l y  p e a ty  m arsh  s o i l s ,  b a y  m uds, 
and p r o d e l t a  c l a y s . M arsh s o i l s  c a p p in g  t h e  r e c e n t l y  
aban doned  L a fo u r c h e  D e l t a  a r e  p r e s e n t l y  b e in g  t r a n s g r e s s e d .  
The e x p a n s io n  o f  T erreb o n n e  Bay t a k e s  p la c e  p r e f e r e n t i a l l y  
i n  r e l i c  i n t e r d i s t r i b u t a r y  a r e a s ,  w h ere p e a t  and b a y  mud 
d e p o s i t s  a r e  t h i c k e s t .  The t h i c k e r  t h e  c o m p a c ta b le  
s e d im e n t ,  t h e  h ig h e r  t h e  e f f e c t i v e  s u b s id e n c e .
A c r y o g e n ic  s a m p lin g  t e c h n iq u e  w as u t i l i z e d  t o  o b t a in  
i n - s i t u  s e d im e n t  sa m p le s  from  s e v e n  m ajor  d e l t a i c  
e n v ir o n m e n ts  (o r  f a c i e s ) .  Sam ples th u s  o b t a in e d  g e n e r a l l y  
e x h i b i t e d  lo w e r  w e t d e n s i t i e s  and h ig h e r  n a t u r a l  w a te r  
c o n t e n t s  th a n  p u b l is h e d  d a ta  s e t s  o b t a in e d  w ith  t r a d i t i o n a l  
c o m p r e s s iv e  (p u sh  sa m p lin g )  t e c h n iq u e s .  The 
s e d im e n t o lo g i c a l  and g e o t e c h n ic a l  p r o p e r t i e s  o f  e a c h  
s e d im e n t  ty p e  w ere  th e n  d e f in e d ,  and a s o i l  c l a s s i f i c a t i o n  
d e te r m in e d . C o n s o lid o m e te r  t e s t i n g  o f  a l l  t h e  sa m p led  
f a c i e s  p ro d u ced  a r a n g e  o f  s e t t l e m e n t  p o t e n t i a l ,  b a se d  on  
t h e  c o m p r e ss io n  in d e x ,  from  h ig h e s t  t o  lo w e s t  a s  f o l l o w s :
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1 ) p e a t y  f a c i e s
2 ) p r o d e l t a
3 ) b a y  muds
4 )  n a t u r a l  l e v e e  o r  s p la y
5 ) d i s t r i b u t a r y  m outh b a r ,  e s p e c i a l l y  w it h
d e t r i t a l  o r g a n ic s
6) p o i n t  b a r
7 ) b e a c h
P e a ty  f a c i e s  a r e  s u s p e c t  in  w e t la n d  l o s s  b e c a u s e  o f  th e  
a s s o c i a t i o n  o f  e x p a n d in g  e s t u a r i e s  a t  th e  e x p e n s e  o f  m arsh  
t e r r a n e s ,  and i t s  h ig h  s e t t l e m e n t  p o t e n t i a l  u n d er  lo a d .
P e a ty  f a c i e s  d eform  by se c o n d a r y  c o n s o l i d a t i o n ,  and c o n t in u e  
t o  com p act f o r  o v e r  100 y e a r s  f o l l o w i n g  t h e  com m encem ent o f  
l o a d i n g .  N a tu r a l w a te r  c o n t e n t s  f o r  p e a ty  f a c i e s  r a n g e  
b e tw e e n  660 and 756 wt%, and f o l l o w i n g  a f u l l  lo a d in g  
s c h e d u le  t o  8 .0  k g f /c m 2, s t i l l  c o n t a in  o v e r  100 wt% w a te r .  
Wet d e n s i t i e s  a r e  u n ch an ged  d e s p i t e  c o m p a c t iv e  e f f o r t s  a t  a 
v a lu e  o f  a b o u t 1 .1 3  g /cm 3. P e a ty  s e d im e n ts  c o n t a in  d r a in a g e  
c h a n n e ls ,  g a s  p o c k e t s ,  and o t h e r  h e t e r o g e n e i t i e s  w h ich  a r e  
m a n if e s t e d  in  c o n s o l id o m e te r  t e s t s  a s  " b reak th rou gh s"  w here  
a sa m p le  u n d e rg o e s  tw o s e p a r a t e  e p is o d e s  o f  p r im a ry  
c o n s o l i d a t i o n  in  on e lo a d  in c r e m e n t . P e a ty  sa m p le s  t e s t e d  
i n  t h i s  r e p o r t  w ere  ta k e n  from  a m arsh in  an i n c i p i e n t  s t a t e  
o f  d e c a y , w ith  s i g n i f i c a n t  a d m ix tu r e s  o f  b ay  mud a lr e a d y  
in c o r p o r a te d  in  t h e  sa m p le . M odels a r e  p r e s e n t e d  w h ich  
e x p la in  bay  d e v e lo p m en t w ith  m in or i n i t i a l  e r o s io n  f o l lo w e d
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b y  c o m p a c tio n  o f  s u b s u r fa c e  p e a t s . W etlan d  l o s s  
p r e f e r e n t i a l l y  im p a c ts  i n t e r d i s t r i b u t a r y  a r e a s .
P r o d e l t a  muds a r e  h ig h ly  t o  v e r y  h ig h ly  p l a s t i c  (CH t o  
CV s o i l s )  and d eform  r e a d i l y .  A m odel i s  p r e s e n t e d  t o  
e x p la in  d e fo r m a t io n a l  f e a t u r e s  in  p r o d e l t a  s e d im e n ts  
r e s u l t i n g  from  t h e  c o n s t r u c t io n  o f  b a r r i e r  i s l a n d s  i n  t h e  
abandonm ent p h a se  o f  t h e  d e l t a  c y c l e .
B ay muds d eform  l a r g e l y  b y  p r im a ry  c o n s o l i d a t i o n . Bay  
muds a r e  e x tr e m e ly  p l a s t i c  (CE s o i l )  and com p act r e a d i l y .
The r o l e  o f  b a y  muds i n  w e t la n d  l o s s  i s  t o  lo a d  u n d e r ly in g  
p e a t s  (w e t d e n s i t i e s  o f  0 .9 5 - 1 .1 5  g /cm 3) w it h  h ig h e r  d e n s i t y  
m a t e r ia l s  (w e t d e n s i t i e s  around  1 .3 9  g /cm 3) ,  and t o  s e a l  t h e  
u n d e r ly in g  p e a t s  w ith  an im p erm eab le  l a y e r ,  c o n v e r t in g  a l l  
o r  p a r t  o f  t h e  t o t a l  s t r e s s  o f  t h e  o v e r ly i n g  w a te r  co lum n  t o  
e f f e c t i v e  s t r e s s .  Bay muds d eform  p l a s t i c a l l y  when t h e  
r e g r e s s i v e  p h a se  o f  d e l t a  b u i ld in g  b ecom es a c t i v e ,  and t h i s  
d e fo r m a t io n  accom m odates m ore s e d im e n t .
Sandy and s i l t y  s e d im e n ts  c o m p r ise  t h e  b u lk  o f  t h e  
o t h e r  m odern e n v ir o n m e n ts  sa m p led . T h ese  s e d im e n ts  u n d erg o  
o n ly  m in or  d e fo r m a tio n  in  t h e  i n i t i a l  c o m p r e ss io n  p h a se  
f o l l o w i n g  lo a d in g .  S eco n d a ry  c o n s o l i d a t i o n  c h a r a c t e r i z e s  
t h e  m in or  d e fo r m a tio n  t h e s e  sa m p les  u n d erg o  w it h  t im e .
C o a s t a l  t r a c t  la n d  l o s s ,  i . e . ,  la n d  l o s s  o c c u r r in g  i n  
t h e  v i c i n i t y  o f  t h e  p r e s e n t  c o a s t l i n e ,  a p p ea r s  t o  be  
g o v e r n e d , i n  l a r g e  p a r t ,  by  s u b s u r fa c e  c o n t r o l s .  T h ese  
c o n t r o l s  a r e  d e p th -d e p e n d e n t , i . e . ,  d e c r e a s in g  in f l u e n c e
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w it h  in c r e a s in g  d e p th , and a r e  l i s t e d  i n  o r d e r  o f  t h e i r  
r e l a t i v e  im p o r ta n c e :
1 ) t h e  t h i c k n e s s  and d i s t r i b u t i o n  o f  c o n s o l id a t i o n - p r o n e
p e a t y  m arsh  s o i l s ;
2 ) t h e  t h i c k n e s s  o f  t h e  L a fo u r c h e  D e l t a ,  w h ic h  c o n t a in s
t h e s e  m arsh  s o i l s ;  and
3 ) t h e  t h i c k n e s s  o f  T o p stra tu m  s e d im e n t s , w h ic h  i n c lu d e s  t h e
L a fo u r c h e  D e l t a .
The u p p erm ost 2 m o f  t h e  L a fo u r c h e  D e l t a  s e c t i o n  i s  
i d e n t i f i e d  a s  t h e  i n t e r v a l  m ost s u b j e c t  t o  c o n s o l i d a t i o n  
s e t t l e m e n t  w h i le  t h e  i n t e r v a l  from  t h e  s u r f a c e  t o  10 m i s  
i d e n t i f i e d  b y  r a p id  c h a n g e s  in  b u lk  d e n s i t y .
A b ou n d ary  d e f i n i t i o n  i s  p r o p o se d  f o r  t h e  B a se  
T o p stra tu m /T o p  S u b stra tu m  datum . Cone p e n e tr o m e tr y  h a s  
p r o v e n  t o  b e  a  d e f i n i t i v e  and in e x p e n s iv e  m ethod f o r  
i d e n t i f y i n g  t h e  B a se  T o p stra tu m /T o p  S u b stra tu m  datum . 
V e r t i c a l  d is p la c e m e n ts  a t  t h i s  datum p r e c i s e l y  l o c a t e  t h e  
s u b c r o p p in g  l o c a t i o n s  o f  a c t i v e  f a u l t s .
I n t e r i o r  t r a c t  la n d  l o s s ,  i . e . ,  la n d  l o s s  o c c u r r in g  
away from  t h e  c o a s t ,  i s  c o n t r o l l e d  i n  l a r g e  p a r t ,  b y  a c t i v e  
f a u l t s . The mapped d i s t r i b u t i o n  o f  f a u l t s  c o i n c i d e s  w it h  
new a r e a s  o f  m arsh on t h e  downthrown s i d e s ,  e s p e c i a l l y  in  
t h e  w e s te r n  (F ig u r e  11 8 ) and c e n t r a l  (F ig u r e  119) p a r t s  o f  
t h e  s tu d y  a r e a .  The e a s t e r n  p a r t  o f  t h e  s tu d y  a r e a  (F ig u r e  
120) d o e s  n o t  e x h i b i t  su c h  a c l e a r  r e l a t i o n s h i p .  The mapped
F ig u r e  1 1 8 . P l a t e  i l l u s t r a t i n g  th e  d i r e c t  r e l a t i o n s h i p
b e tw een  a r e a s  o f  new i n t e r i o r  t r a c t  la n d  l o s s  
and t h e  mapped p o s i t i o n  o f  f a u l t s ,  w e s te r n  
s tu d y  a r e a .
F ig u r e  1 1 9 . P la t e  i l l u s t r a t i n g  th e  d i r e c t  r e l a t i o n s h i p
b etw een  a r e a s  o f  new i n t e r i o r  t r a c t  la n d  l o s s  
and th e  mapped p o s i t i o n  o f  f a u l t s ,  c e n t r a l  
s tu d y  a r e a .
F ig u r e  1 2 0 . P la t e  i l l u s t r a t i n g  th e  r e l a t i o n s h i p
b etw een  a r e a s  o f  new i n t e r i o r  t r a c t  la n d  l o s s  
and th e  mapped p o s i t i o n  o f  f a u l t s ,  e a s t e r n  
s tu d y  a r e a .
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d i s t r i b u t i o n  o f  f a u l t s  e x p la in s  an A rgonne N a t io n a l  
L a b o r a to r y  s a l i n i t y  a n om aly , a s u b s id e n c e  " h o tsp o t"  i n  th e  
L ake B a rre  r e g io n ,  and v a r i a t i o n  in  t h e  s p a t i a l  d i s t r i b u t i o n  
o f  L o u is ia n a  G e o lo g ic a l  S u rv ey  b en ch  m a r k -d e term in ed  
s u b s id e n c e  s t a t i o n s  a lo n g  Bayou L a fo u r c h e . D ata  i n d i c a t e  a 
p r e f e r e n t i a l  t h ic k e n in g  o f  c o n s o l id a t io n - p r o n e  f a c i e s  on  th e  
dow nthrow n s i d e s  o f  f a u l t s .
The c o n s o l i d a t i o n  s e t t l e m e n t  o f  a s t a c k  o f  f a c i e s  in  
t h e  L a fo u r c h e  D e lt a  i s  i n v e s t i g a t e d  a t  t h e  P - l - 9 0  and a t  t h e  
P -6 S -9 3  b o r in g s .  T h ese  b o r in g  l o c a t i o n s  r e p r e s e n t  an  
u n f a u l t e d  and a f a u l t - c o n t r o l l e d  l o c a t i o n ,  r e s p e c t i v e l y .
The g r e a t e s t  s e t t l e m e n t  o c c u r s  in  t h e  u p p erm ost 2 m ,  
in d e p e n d e n t  o f  l o c a t i o n .  U n d e r ly in g  d e l t a i c  c y c l i c  
s e q u e n c e s ,  i . e . ,  t h o s e  d e l t a  c y c l e s  s t r a t i g r a p h i c a l l y  d e e p e r  
th a n  t h e  L a fo u r c h e  D e l t a ,  h ave  l e s s  im p a ct on  s u r f a c e  
s e t t l e m e n t  b e c a u s e  t h e y  h ave  a lr e a d y  u n d erg o n e  i n i t i a l  
c o n s o l i d a t i o n .
F u tu r e  r e s e a r c h  s h o u ld  be fo c u s e d  i n  t h e  Lake P e l t o  and  
T erreb o n n e  Bay r e g i o n s ,  w here t h e  L a fo u r c h e  D e l t a  s h o u ld  be  
c o r e d  t o  i t s  b a se  w it h  a d r i l l i n g  b a r g e . T h ree  o r  fo u r  
s t a t e g i c a l l y  p la c e d  b o r in g s  in  t h e s e  b a y s  w ou ld  an sw er  many 
q u e s t io n s  a b o u t t h e  c o n t r ib u t io n  o f  c o m p a c tio n  t o  bay  
d e v e lo p m e n t . In  a d d i t i o n ,  r a d io c a r b o n  and 137Cs d a t in g  
s h o u ld  b e  p er fo rm ed  i n  a r e a s  o f  i n c i p i e n t  m arsh d e c a y  t o  
c a l i b r a t e  t h e  le a d in g  e d g e  sub m ergen ce o f  t h e  p e a t  m arsh . 
F i n a l l y ,  a d e t a i l e d  c o n e  p e n e tr o m e te r  program , d e s ig n e d  t o
p r e c i s e l y  l o c a t e  and d e te r m in e  t h e  a c t i v i t y  a lo n g  mapped 
a c t i v e  f a u l t s ,  s h o u ld  b e  i n i t i a t e d .
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I n i t i a l  V o id  R a t io  D ata
P t  1 = 7 . 6 9
P t  2 = NA
BM e i = 1 . 5 8
PDD e i = 3 . 1 0
PDL e± = 4 . 6 7
MBSO = 1 . 6 1
MBS e i = 0 . 9 0
NL e i = 0 . 7 3
PBS e i = 1 . 3 0
BS e i = 0 . 6 6
V o id  R a t io  D ata
F a c ie s P (k g f /c m 2) e
P t  1 0 . 2 5 6 . 6 0
0 . 5 0 5 . 4 0
1 . 0 0 4 . 0 5
2 . 0 0 3 . 2 7
4 . 0 0 2 . 5 8
8 . 0 0 2 . 2 2
BM 0 . 2 4 1 . 3 7
0 . 4 9 1 . 0 3
0 . 9 8 0 . 7 5
1 . 9 5 0 . 5 4
3 . 9 1 0 . 3 6
7 . 8 1 NA
PDU 0 . 2 5 2 . 8 5
0 . 5 0 2 . 6 8
1.00 1 . 6 0
2.00 1.33
4.00 1.05
8 . 0 0 0 . 8 6
1 6 . 0 0 0 . 7 3
PDL 0 . 2 5 3 . 8 5
0 . 5 0 3 . 3 9
1.00 2 . 9 3
2 . 0 0 2 . 6 5
4 . 0 0 2 . 4 1
8 . 0 0 2 . 1 9
1 6 . 0 0 2 . 0 0
NL 1.00 0 . 6 8
2 . 0 0 0 . 6 3
4 . 0 0 0 . 6 0
8 . 0 0 0 . 5 6
1 6 . 0 0 0 . 5 2
3 2 . 0 0 0 . 4 8
MBS 0 . 5 0 0 . 8 9
1 . 0 0 0 . 8 8
2 . 0 0 0 . 8 7
4 . 0 0 0 . 8 6
8 . 0 0 0 . 8 5
1 6 . 0 0 0 . 8 5
3 2 . 0 0 0 . 8 0
MBSO 1 . 0 0 1 . 5 9
2.00 1.57
4.00 1.54
8.00 1.47
1 6 . 0 0 1 . 4 0
3 2 . 0 0 1 . 2 9
6 4 . 0 0 1 . 1 8
BS 1 . 0 0 0 . 6 5
2 . 0 0 0 . 6 4
4 . 0 0 0 . 6 2
8 . 0 0 0 . 6 1
1 6 . 0 0 0 . 6 0
3 2 . 0 0 0 . 5 8
6 4 . 0 0 0 . 5 5
PBS 0 . 5 0 1 . 2 5
1 . 0 0 1 . 2 4
2 . 0 0 1 . 2 3
4 . 0 0 1 . 2 1
8 . 0 0 1 . 1 9
1 6 . 0 0 1 . 1 7
3 2 . 0 0 1 . 1 5
G ra in  S i z e .  N a tu r a l L ev ee  
500 m ic r o n s  = 0 . 0 6 3  g  
420  m ic r o n s  = 0 . 0 3 3  g  
350 m ic r o n s  = 0 . 0 2 2  g  
297 m ic r o n s  = 0 . 0 2 8  g  
250  m ic r o n s  = 0 . 0 5 9  g  
210  m ic r o n s  = 0 . 0 9 1  g  
177 m ic r o n s  = 1 . 6 6 3  g  
149 m ic r o n s  = 9 . 7 7 8  g  
125 m ic r o n s  = 5 . 9 3 3  g
105 m ic r o n s 4 . 3 0 9 g
88 m ic r o n s = 0 . 9 5 6 g
74 m ic r o n s = 0 . 3 5 5 g
63 m ic r o n s = 0 . 1 8 7 g
53 m ic r o n s = 0 .1 1 2 g
G ra in  S i z e , B each  Sane
420 m ic r o n s = 0 . 0 1 9 g
350 m ic r o n s = 0 . 0 0 2 g
300 m ic r o n s = 0 . 0 0 8 g
250 m ic r o n s = 0 . 0 6 5 g
210 m ic r o n s = 1 .1 2 9 g
177 m ic r o n s = 0 . 8 0 5 g
149 m ic r o n s = 1 . 6 7 4 g
125 m ic r o n s = 1 . 9 3 9 g
105 m ic r o n s = 1 .1 6 7 g
88 m ic r o n s = 0 . 1 4 8 g
74 m ic r o n s = 0 . 0 3 3 g
63 m ic r o n s = 0 . 0 0 1 g
53 m ic r o n s = 0 . 0 0 3 g
G ra in  S i z e , P o in t  B ar
300 m ic r o n s = 0 . 0 8 8 g
250 m ic r o n s = 0 . 4 3 4 g
210 m ic r o n s = 0 . 4 3 9 g
177 m ic r o n s = 1 . 3 9 6 g
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149 m ic r o n s  = 2 . 0 4 0  g  
125 m ic r o n s  = 1 . 8 9 5  g  
105 m ic r o n s  = 1 . 1 0 5  g  
88 m ic r o n s  = 0 . 2 6 5  g  
74 m ic r o n s  = 0 . 3 8 7  g  
63 m ic r o n s  = 0 . 0 5 9  g  
53 m ic r o n s  = 0 . 0 2 8  g
O rg a n ic  C o n te n t o f  P e a ty  S a m p le . B ou d reau x C an al
W t. c r u c i b l e
(g)
W t. c r u c i b l e  
p lu s  sm pl (g )
W t. f o l l o w i n g  
b u r n in g  (g )
P e r c e n t
m in e r a l
1 9 . 7 8 6 3 1 .5 9 7 2 8 . 4 7 6 7 3 . 6
1 8 . 1 7 6 3 1 . 9 0 6 2 8 .3 1 9 7 3 . 9
1 6 . 1 9 0 2 8 . 9 7 1 2 5 . 6 4 2 7 3 . 9
1 9 .1 2 3 2 8 . 4 6 5 2 5 . 4 6 7 6 7 . 9
Wet D e n s i t y  o f  P e a ty  S am p les  
P t 1 2 2 . 1 9  g / 1 9 . 2 4  cm3 = 1 . 1 5  g /cm 3 
P t 2 4 4 . 6 5  g / 3 9 . 2 7  cm3 = 1 . 1 4  g /cm 3
U n it  W eig h t o f  P e a ty  Sam p les  
P t 1 1 . 1 5  g /cm 3 x 9 . 8 1  m /s 2 = 1 1 . 2 8  KN/m3
P t  2 1 . 1 4  g /cm 3 x 9 . 8 1  m /s 2 = 1 1 . 1 8  KN/m3
W ater c o n t e n t  o f  P e a ty  S am p les  
P t 1 3 7 . 0 4  g  w a te r  /  4 . 9 0  g  d ry  w e ig h t  = 756%
P t  2 3 1 . 4 0  g w a te r  /  4 . 7 6  g d ry  w e ig h t  = 660%
Wet D e n s i t y  o f  P r o d e l t a  
PDU 2 9 . 0 8  g /  2 0 . 0  cm3 = 1 . 4 5  g /cm 3
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PDL
PDU
PDL
PDU
PDL
P e a t
5 0 . 6 6  g /  4 0 . 0  cm3 = 1 . 2 7  g /cm 3
U n it  W eigh t o f  P r o d e l t a  
1 . 4 5  g /cm 3 x 9 . 8 1  m /s 2 = 1 4 . 2 2  KN/m3
1 . 2 7  g /cm 3 x 9 . 8 1  m /s2 = 1 2 . 4 6  KN/m3
W ater c o n t e n t  o f  P r o d e l t a  
1 4 . 5  g  w a te r  /  1 2 . 8  g  d ry  w e ig h t  = 113% 
5 2 . 3 1  g w a te r  /  2 8 . 2 8  g d r y  w e ig h t  = 185% 
B u lk  D e n s i t y  v s  D ep th
0 . 0 0 m 1 . 1 3 g/cm 3
11 . 5 m 1 . 4 3 II
12 . 6 m 1 . 4 5 ft
1 2 . 8 m 1. 5 4 II
1 6 . 5 m 1. 46 II
17 . 5 m 1 . 3 3 II
2 0 . 0 m 1 . 6 1 II
2 2 . 6 m 1 . 5 5 II
2 9 . 0 m 1. 6 0 I t
3 2 . 0 m 1. 3 3 II
3 3 . 0 m 1 . 5 5 II
3 8 . 3 m 1 . 6 0 II
4 1 . 5 m 1 . 5 1 II
4 2 . 5 m 1 . 5 1 I t
4 5 . 7 m 1. 46 II
4 5 . 8 m 1. 50 II
0 . 0  m 1. 39 g/cm 3
1 . 1 m 1. 53 II
9 . 5 m 1. 66 II
10 . 2 m 1. 56 II
1 0 . 8 m 1. 70 II
1 6 . 1 m 1. 70 II
2 1 . 3 m 1. 64 II
2 1 . 8 m 1. 61 II
2 2 . 1 m 1. 61 II
2 6 . 7 m 1. 65 II
2 7 . 0 m 1. 70 II
2 7 . 7 m 1. 78 II
2 9 . 8 m 1. 66 II
3 0 . 2 m 1 . 73 II
3 0 . 5 m 1. 66 II
3 1 . 0 m 1. 67 II
3 8 . 8 m 1. 68 I t
3 9 . 3 m 1. 66 II
3 9 . 5 m 1. 67 II
4 0 . 0 m 1. 67 II
4 0 . 3 m 1. 66 I t
4 0 . 7 m 1. 66 II
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S p a r t in a  p e a t  m arsh  
S e d im en t ty p e
C la y  t y p e  
C o lo r
S e d im e n ta r y  s t r u c t u r e s  
P h y s ic a l  p r o p e r t i e s
U n i f i e d  s o i l  c l a s s .  
P r e d . p la n t  t a x a
M a c r o f o s s i l s
P e a ty  c l a y ,  p e a t (29)
P r e d o m in a n tly  p e a t 127>
O rg a n ic  m ucks(8)
O r g a n ic , s i l t y  c l a y  f a c i e s (3) 
O r g a n ic -r ic h  c la y e y  s i l t s  and s i l t y  
c l a y s (1,8)
N ot t e s t e d
Dark r e d d ish -b r o w n  (10  R 3 / 4 ) ,
V ery  d u sk y  r e d  (10  R 3 / 4 ) ;  and  
B la c k  (N 1 ) (2>
( 2 )Wavy b e d d in g  
U n it  w e ig h t
W ater c o n t e n t
L iq u id  l i m i t  
Wet d e n s i t y
Dry d e n s i t y  
Comp. in d e x
( P t ) ;  (OH)
= 9 . 9 9  KN/m3(23> 
1 0 . 6 - 1 1 . 1  
KN/m3(2)
= 1 6 0 - 4 6 5  wt%(27) 
6 6 0 - 7 5 6  wt%(2>
426 w t %(23)
320 wt%(11)
3 3 8 - 6 6 6  wt%(15> 
1 5 0 -1 5 0 0  wt%(18) 
7 6 - 9 8  vol% (14)
90 v o l.% (19)
7 5 - 9 5  vol% (17)
= 230-500% (27)
= 1 . 0 8 - 1 . 1 3  g /cm 3(2) 
0 . 4 1 - 1 . 1 6  g /cm 3; 
a v e r a g in g  0 . 9 5  
g /cm 3 (18 >
= 0 . 1 2  g /cm 3<19)
S a l t  m arsh c o n s i s t s  o f  62.14% 
Spartina alteniflora, 14.27% 
Distichlis spicata, 10.10%
Juncus roemerianus, and 5.99% 
Spartina patens; m in or o t h e r s (12)
F id d le r  c r a b s ,  c r a y f i s h ,  and  
g a s t r o p o d s ,  i . e .  Littorina s p .  and  
Neratina s p . (1)
M i c r o f o s s i l s F r e sh  w a te r  o s t r a c o d e s (1,2)
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B io t u r b a t io n
D ia g e n e t i c  c em en ts  
Comments
s I n t e n s i v e  d is t u r b a n c e  b y  p la n t  
r o o t s ,  b u rro w in g  o r g a n is m s (29)
: C a lc a r e o u s  c o n c r e t io n s  common1295
: N o n - d e t r i t a l  o r  b o u n d in g  com ponent 
i n  d e l t a i c  c y c l e s (9,26)
"Marsh" r e s e r v e d  f o r  p e r i o d i c a l l y  
f lo o d e d ,  d i s t i n c t l y  w a te r y  a r e a s  
w ith  no t r e e s (28)
As a r e s u l t  o f  c o n s o l i d a t i o n ,  t h e  
m arsh b u i ld s  down, r a t h e r  th a n  u p . 
When v e g e t a t i o n  k e e p s  p a c e  w ith  
s u b s id e n c e ,  m arsh d e p o s i t s  
t h ic k e n .  I f  gro w th  f a i l s  t o  k eep  
p a c e  w it h  s u b s id e n c e ,  m a r in e  
w a te r s  in u n d a te (28 5 
M arshes a r e  o p e n , c o u p le d  
e c o s y s y e m s (25)
S l i g h t  e l e v a t i o n  d i f f e r e n c e s  c r e a t e  
v e g e t a t i o n  z o n e s ;  i . e .  Spartina 
cynosuroides d o m in a n t ly  fo u n d  on  
h ig h e r  e l e v a t i o n s 1245 
L o s s -o n  i g n i t i o n  t e c h n iq u e s  
d e te r m in e  p e r c e n t  m in e r a l and  
o r g a n ic  m a t te r  i n  o r g a n ic  
s o i l s (20,21)
P e a t s  e x h i b i t  s t r u c t u r a l  
o r g a n iz a t io n  c h a r a c t e r iz e d  by  
l a r g e  and s m a ll  c h a n n e ls 1225 
C o m p ressio n  t e s t s  on  p e a t  e x h i b i t  
l a r g e  v a r i a t i o n s  i n  t e s t  r e s u l t s ,  
t h e r e f o r e  an e x a c t  f i g u r e  o f  
s e t t l e m e n t  e x p e c t e d  may n o t  b e  
v a l id * 16)
U n d is tu r b e d  sa m p ler  d e v e lo p e d * 135 
Downwarping o f  p e a t s  fo u n d  b e n e a th  
t h ic k e n e d  le v e e s * 85 
O rg a n ic  s o i l  s u b s id e n c e  o c c u r s  w it h  
d r a in a g e ,  o r  w a te r  t a b l e  lo w e r in g ,  
and i t s  r e s u l t i n g  o x id a t io n * 75 
P e a ts  a c c u m u la te  i n  tw o d i s t i n c t  
e n v ir o n m e n ts  s i n t e r d i s t r i b u t a r y  
b a s in s  w ith  l o c a l  p e a t  
a c c u m u la t io n s ,  and c o a s t a l  
m a r sh e s , w h ere b la n k e t  p e a t s  
d e v e lo p  o v e r  c o n s id e r a b le  a r e a s* 65 
The s u b s id e n c e  r e s u l t i n g  from  
p r im a ry  c o n s o l i d a t i o n  and  
s e c o n d a r y  c o m p r e ss io n  o f  a s tr a tu m  
i s  d i r e c t l y  p r o p o r t io n a l  t o  i t s  
t h i c k n e s s ;  i . e . ,  t h i c k  p e a t s
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e x h i b i t  g r e a t e r  s u b s id e n c e  th a n  
t h i n  p e a t s (5)
R e f e r e n c e s  : xF is k  e t  a l . ,  195 4 .
2K u ech er , p r e s e n t  s t u d y .  
3D o n a ld so n  e t  a l . ,  197 0 .
4G law e, 1 99 3 .
5Snowden e t  a l . ,  1 9 77 .
6C olem an and S m ith , 196 4 b .  
’S te p h e n s  e t  a l . ,  198 4 .
8F i s k ,  1 958 .
9R o b e r ts ,  19 86 a .
10K o s t e r s ,  1 989 .
11M arach i e t  a l . ,  1982 .
12C h ab reck , 197 2 .
13Landva e t  a l . ,  1 9 8 2 b .
14K le m e t t i  and K ey s , 1 9 8 2 .
15Ng and E is c h e n s ,  1 982 .
16Landva e t  a l . ,  198 2 a .
17H ead, 1 9 92 .
18M a cF a rla n e , 1 9 5 9 .
19K o s te r s  and B a i l e y ,  1 9 8 3 .  
20D a v ie s ,  1974 .
" B a l l ,  1 9 64 .
22Loxham and B u r g h a r d t, 1 9 86 .  
23E d i l  e t  a l . ,  198 6 .
24C habreck  and L in sco m b , 1 9 78 .  
25G o s s e l in k ,  198 4 .
26Colem an e t  a l . ,  19 64 a .
27K olb  and S h o c k le y ,  1 9 5 7 .
28K olb  and Van L o p ik , 1 9 5 8 .  
29C olem an e t  a l . ,  1 9 6 4 c .
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B ay Mud 
S e d im en t ty p e  
C la y  t y p e  
C o lo r
S e d im e n ta r y  s t r u c t u r e s
P h y s i c a l  p r o p e r t i e s
U n i f i e d  s o i l  c l a s s i f .
S h e l l  c o n t e n t
F o r a m in ife r a  c o n t e n t
C la y s  and s i l t y  c la y s * 1'13*
S m e c t it e  (70%) in  c l a y  f r a c t i o n (18)
B lu e - g r e e n (1)
O l iv e - g r a y  (5Y 3 / 2 )  
t o  d ark  g r a y  (N3) '2)
M o ttled * 16*
L i t t l e  p r im a ry  b e d d in g  r e m a in s (1) 
M a ss iv e  in  hand sa m p le , f i n e  
la m in a t io n s  and b e d d in g  o b v io u s  
i n  x - r a y (15)
L e n t ic u la r  la m in a t io n  an  
i n d i c a t o r 14 
P a r a l l e l  la m in a t io n s  c o n s i s t  o f  
a l t e r n a t i n g  c o a r s e  and f in e * 2*
U n it  w e ig h t  
W ater c o n t e n t  
L iq u id  l i m i t  
B u lk  d e n s i t y  
Comp. in d e x
1 3 . 6 4  KN/m3-  
1 4 . 0 3  KN/m3*2* 
126-153% (2) 
20-70% (13) 
1 2 1 . 5 - 1 2 8 . 2*2* 
40-80% (13) 
1 . 3 9 - 1 . 4 3  
g /cm 3(2>
0 . 831*2*
CH (F a t  C l a y ) ;  o c c a s i o n a l l y  
OH (O rg a n ic  C l a y ) (2)
CH (F a t  C la y ) and CL (L ean  
C l a y ) tl3)
Crassostrea virginicall,9)
Rangia cuneatal9,15). Tend t o  h a v e  
l a r g e s t  s i z e  i n  lo w e s t  
s a l i n i t y (9).
Mulina lateralisl9) "dwarf s u r f  
c la m " ; t o l e r a t e s  a w id e  r a n g e  o f  
s a l i n i t i e s .
Ammonia b e c c a r i* 1'5'7' 8'11); e s p .  
form a typica, a minimum s a l i n i t y  
i n d i c a t o r 18*
Elphidium gunteriil,6,7'a,11); e s p .  
form a salsum, a minimum s a l i n i t y  
in d ic a t o r * 8*
Ammotium salsumi6,1'e); e s p .
form a typicumj a minimum s a l i n i t y  
in d ic a t o r * 8*
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O str a c o d e  co n ten t:
B io t u r b a t  io n  
D ia g e n e t ic  C em ents 
Comments
R e fe r e n c e s
Quinqueloculina s p . 1111
Perissocytheridea brachyfonna{1) 
Cyprideis salebrosall0,11,12)
Ilyocypris s p .
s H ig h ly  b io t u r b a t e d 11'61, e s p .  by  
p o ly c h a e t e s ,  m o l l u s c s 1141
: P y r i t e  a s  s m a ll  c u b e s ,  o c c a s io n a l  
c a r b o n a te  n o d u le 13'151
: A l t e r n a t in g  f l o e  and n o n - f lo c  
z o n e s (15)
S y n e r e s i s  c r a c k s  p a r a l l e l  t o  
b e d d in g (15)
Bay muds c o n t a in  t h i n  ( l e n t i c u l a r )  
s i l t  l a y e r s  w h ich  g r a d e  upw ards 
i n t o  s a n d s ,  m uds, and l i g n i t e s  o f  
t h e  d e l t a  p l a i n 141 
S h e l l  fr a g m e n ts , i n - s i t u  s h e l l  
b e d s ,b u r r o w s  and p la n t  r em a in s  
a r e  p a r t i c u l a r l y  d i s t i n c t i v e 151 
S h e l l  r e e f s  w i t h in  b ay  m uds1131 
I n t e r d i s t r i b u t a r y  b a y  d e p o s i t s  
r a n g e  from  1 .5  t o  5 .0  m e te r s  i n  
t h ic k n e s s  in  t h e  T erreb o n n e  
E f f e r v e s c e s  s lo w ly  w it h  c o ld  HC1(2) 
V ery  s o f t  c o n s i s t e n c y  when w e t (2) 
H igh  d r y  s t r e n g t h 121 
H igh p l a s t i c i t y ,  lo w  d i l a t a n c y (2) 
May c o n t a in  g la u c o n i t e  p e l l e t s 141 
B ays h a v e  lo w  s a l i n i t i e s 1171
s R o b e r t s  and v an  H eerd en , 1 9 92 .  
2K u ech er , p r e s e n t  s t u d y .
3Suhayda e t  a l . ,  1993 .
4G a llo w a y , 1 96 8 .
5C olem an e t  a l . ,  1964a .
6S m ith , D unbar, and B r i t s c h ,  1 9 8 6 .  
7P o a g , 1981 .
8P o a g , 1978 .
9P a r k e r , 195 9 .
10S an db erg  and P l u s q u e l l e c ,  197 4 .  
11B r a s i e r ,  198 0 .
12G a r b e tt  and M addocks, 1 9 79 .
13K olb  and S h o c k le y , 1 9 5 7 .
14Colem an e t  a l . ,  1 9 6 4 c .
15C olem an, 196 6 .
16D o n a ld so n , e t  a l . ,  1 9 70 .
17G law e, 199 3 .
18S te w a r t  and P a t r ic k ,  1 990 .
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Prodelta 
Sediment type
Clay type 
Color
Sedimentary structures
S i l t y  c l a y s  and c l a y s  s e p a r a t e d  b y  
t h i n  ( 2 - 3  mm) s i l t  l e n s e s (1)
S i l t y  c l a y  i n  in n e r  z o n e (7)
C la y , hom ogenous(6'8), w it h  m in u te  
l e n t i l s  o f  s i l t  i n  o u t e r  z o n e (7) 
R hythm ic a l t e r n a t i o n s  o f  s i l t  and  
c l a y (5>
F l o c c u la t e d  c l a y  "mousse" on  t o p ,  
v e r y  s o f t ,  f ir m e r  c l a y s  b e lo w (2)
S m e c t i t e  (50%) i n  c l a y  f r a c t i o n (11)
Dark c o lo r e d (7)
G ray(4)
Dark y e l l o w i s h  g r a y  "mousse"
(10  YR 4 / 2 )  i n  u p p er  s e c t i o n ;
O liv e  g r a y  (5Y 3 / 2 )  t o  medium d a rk  
g r a y  ( N / 4 )  a few  cm. down(2)
P a r a l l e l  la m in a t io n s * 1'3,4,6) a r e  t h e
p r im a ry  s e d im e n ta r y  s t r u c t u r e s ,  
V e r t i c a l l y  s t a c k e d  c y c l e s  2 -1 0  cm. 
t h i c k 1
Physical properties
Unified soil classif.
Shell content
U n it  w e ig h t  
W ater c o n t e n t
L iq u id  l i m i t
B u lk  D e n s i t y  
Comp. in d e x
= 1 1 . 5 8 - 1 2 . 4 6  
KN/m3(2)
= 113% PDU(2)
185% PDL(2) 
31-70% (8) 
2 0 - 1 2 0 %l9) 
30-90% (10)
= 62% PDU(2)
90% PDL(Z)
25-95% (9)
39-100% (8)
= 1 . 1 8 - 1 . 2 7 g / c m3(2) 
= W.O.C.
. 0 1 1  L L - . 1 7 6 (8)
CH (F a t C la y ) and CL (L ean  C l a y ) ;
o c c .  OH (O rg a n ic  C l a y ) (9)
CH (LL>50%)(2>
Rangia cuneata(1)
Mulina lateralisll,7)
Area s p . ,  Cardium s p . ,  Chione s p . ,  
Nuculana s p . ,  Mulinia s p . ,  
Phacoides s p . ,  Natica s p . ,  
Polinices s p . ,  e t c (7)
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F o r a m in ife r a  c o n t e n t  : Ammonia and Elphidium s p . ,  a lth o u g h
l e s s  num erous th a n  i n  b a y  m uds(1) 
Cibicides s p . ,  Globorotalia s p . ,  
Robulus s p . ,  and Uvigerina s p . (7) 
Nonionella s p . ,  Quinqueloculina 
s p . ,  Rotalia and Textularia s p . <7)
s Candona lactea{1)
Cypridopsis v id u a * 15
: Burrow ed1
P o ly c h a e t e  worm b u rro w s1 
A bundant worm t u b e s ,  b u rro w in g  
c r a b s ,  b le n n ie  f i s h (2)
M o d e r a te ly  t o  h ig h ly  b io t u r b a t e d (2)
D ia g e n e t i c  C em ents : O c c a s io n a l  c a r b o r a t e  n o d u le (2)
Comments : H igh  l a t e r a l  c o n t i n u i t y  and lo w
l i t h o l o g i c  v a r i a t i o n 1 
G rain  s i z e  s m a l le r  and s o r t i n g  
b e t t e r  th a n  b ay  e n v ir o n m e n t111 
L i g n i t i c ,  m ica ceo u s* 45 
D e p o s ite d  from  s u s p e n s io n ,  p a r a l l e l  
la m in a t io n s  t h e  p r im a ry  
s e d im e n ta r y  s t r u c t u r e * 35 
H om ogenous(8)
N o rm a lly  c o n s o l id a t e d * 85
T h ic k n e s s  v a r i e s  w it h  d e p th  t o
P l e i s t o c e n e * 105
CH s o i l s  96% o f  p r o d e lta * 105
S p a r in g ly  f o s s i l i f e r o u s  i n  in n e r
zo n e ; f o s s i l i f e r o u s  i n  o u t e r
zone*75
R e fe r e n c e s  : R o b e r t s  and van  H eerd en , 199 2 .
2K u ech er , p r e s e n t  s t u d y .
3van  H eerden  e t  a l . ,  1 9 8 2 .
4G a llo w a y , 1968 .
5Colem an and G a g lia n o , 1 96 4 a .  
6G a llo w a y  and H obday, 19 83 .
7F is k  e t  a l . ,  1954 .
M on tgom ery , 197 4 .
9K olb and S h o c k le y , 19 5 7 .
10K olb and v an  L o p ik , 1 958 .  
^ M c A ll i s t e r ,  19 58 .
O s tr a c o d e  c o n t e n t  
B io t u r b a t io n
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Natural levee
Sediment type
Color
Median grain size
Physical properties
: S i l t s  and f i n e  s a n d s , w it h  m in or  
am ounts o f  c la y * 1'14'
C la y e y  s i l t s  and s a n d s (4)
S i l t y  c la y s * 3'6'
C la y , so m e tim e s  o x i d i z e d (5)
Sandy s i l t  and s i l t y  c l a y (7)
C la y  and s i l t (9)
V ery  f i n e  sa n d  and s i l t (10)
Sandy s i l t s  and la y e r s  o f  o r g a n ic -  
r i c h  s i l t y  c l a y s (11)
s G ray(5)
Dark g r a y  t o  o l i v e  g r a y <2,6), m o t t le d  
w it h  r e d d is h ,  o x id i z e d  z o n e s  a lo n g  
r o o t  and burrow  t r a c e s (2)
A l t e r n a t e  l i g h t  c o lo r e d  and d a rk  
c o lo r e d  l a y e r s (11)
: . 1 49  mm, o r  2 . 7 5  p h i u n i t s ;  a f i n e  
g r a in e d  sa n d , m o d e r a te ly  s o r t e d (2)
Sedimentary structures : T rough and c l im b in g - r ip p le  c r o s s  
la m in a t io n s  a r e  t h e  d om in an t  
s t r u c t u r e s ;  p a r a l l e l  la m in a t io n  on  
s u b a e r ia l  p o r t io n s * 11 
W ell-b ed d ed * 4 5 
S c a t t e r e d  s i l t  lam in ae*5’ 
U n i d i r e c t i o n a l  c u r r e n t  t y p e s . 
C lim b in g  r i p p l e ,  r i p p l e - d r i f t  a r e  
e x c e l l e n t  i n d i c a t o r s  o f  t h i s  
e n v ir o n m e n t . Wavy la m in a t io n s  
common. O c c a s io n a l  p a r a l l e l  
la m in a t io n s  and s c o u r  and f i l l . * 10' 
C o n v o lu te  b e d d in g  v e r y  common;
o c c a s i o n a l  c l a y  b a l l s * 12'
V e r t i c a l  s e q u e n c e s  s m a ll  r i p p l e  
c r o s s  b e d s ,  h o r i z o n t a l  b e d d in g ,  
c l im b in g  r i p p l e s ,  cap p ed  by  
p a r a l l e l  b ed d ed , s i l t y  c l a y s  w it h  
d e s i c c a t i o n  c r a c k s ,  and p o s s i b l e  
r a in d r o p  im p r e s s io n s * 12'
U n it  w e ig h t  
W ater c o n t e n t
L iq u id  l i m i t
1 7 . 4 6  KN/m3*2' 
31%*2'
15-35%*7'
18-83%*®'
25-45%*7'
7Q-1
60-110%  f o r  CH*9' 
23-28% f o r  ML*9'
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Unified soil classif.
Ostracode content 
Bioturbation 
Diagenetic cements
Comments
References
B u lk  d e n s i t y  
Comp. in d e x
35-45% <7)
= 1 . 7 8  g /cm 3*2' 
= w . o . c .
CL (LL<50%) ; ML(7)
CH (LL>50%) and ML; r em a in d e r  CL(9) 
SW and SP in  em erg en t su b aq u eou s*2'
F r e sh  w a te r  C y p r id s (2)
R oot d is r u p te d * 6)
S m a ll c a r b o n a te  n o d u le s* 6'
S m a ll f e r r i c  n o d u le s ,  o c c a s io n a l  
c a r b o n a te  n o d u le (10)
C a lc a r e o u s  and i r o n  n o d u le s (5)
U n f o s s i l i f e r o u s  and g r a d e  l a t e r a l l y  
i n t o  t h e  m arsh and downward i n t o  
b a r  san d s*4'
Su baqu eou s and s u b a e r ia l  d e p o s i t s  
a r e  s i m i l a r  and g r a d a t io n a l ,  and  
a r e  c o n s id e r e d  o n e  en v iro n m en t* 1' 
W e ll-d r a in e d  s o i l s ,  w a te r  c o n t e n t  
lo w , o x i d i z e d ,  p r e s e r v e d  o r g a n ic  
c o n t e n t  i s  low*7'
Numerous r o o t  burrow s*5'
S l i g h t l y  o v e r c o n s o l id a t e d * 8'
S t i f f  m a t e r ia l* 5'9’
Numerous i n s e c t  and a n im a l  
burrow s*10'
C h a r a c te r iz e d  a s  h ig h  and low  
s e d im e n t a t io n  r a t e  d e p o s i t s ,  w it h  
a t t e n d a n t  s e d im e n ta r y  
s t r u c t u r e s * 13'
R o b e r t s  and va n  H eerd en , 
2K u ech er , p r e s e n t  s t u d y .  
3C olem an e t  a l . ,  1 96 4 a .  
4F i s k ,  1954 .
5S m ith  e t  a l . ,  1 986 .  
6D o n a ld so n  e t  a l . ,  1 9 7 0 .  
7K olb  and S h o c k le y , 1 9 57 .  
M on tgom ery , 1974 .
9K olb  and Van L o p ik , 1 95 8 .  
10C olem an e t  a l . ,  1 9 6 4 c .  
n L e B la n c , 1972 .
12R e in e ck  and S in g h , 1 97 3 .  
13van  H eerd en , 19 82 .  
14C olem an, 196 6 .
1992
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D i s t r i b u t a r y  m outh b a r
S e d im en t t y p e  : F in e  san d  t o  s i l t  w ith  " c o f f e e
ground" woody o r g a n ic s ( 12'
V ery  f i n e  sa n d  t o  s i l t (8)
Sands w ith  " c o f f e e  grou n d  woody  
o r g a n ic  s (10)
S i l t y  sa n d , v e r y  f i n e  g r a in e d ,  w ith  
abu ndan t m ica  and c a r b o n a c e o u s  
f  l e c k s (7)
S i l t y ,  f i n e  sa n d (4)
F in e  s a n d s ,  s i l t s ,  and c la y e y  
s i l t s (1)
F in e  sa n d ; m ed ian  g r a in  s i z e
= 147 mm(2)
Color
Sedimentary structures
Physical properties
Unified soil classif. 
Shell content 
Ostracode content 
Bioturbation 
Diagenetic cements
: N ot r e c o r d e d
: A l t e r n a t e  c y c l e s  o f  p a r a l l e l
la m in a te d  f i n e  s a n d s ,  s i l t s ,  and  
c la y e y  s i l t s  w ith  p a r a l l e l  
la m in a te d  s i l t y  c l a y s (1)
Numerous e r o s i o n a l  s u r f a c e s * 1'
T h in , a b u n d a n t, m u l t i - d i r e c t i o n a l  
tr o u g h  c r o s s  b e d d in g  i s  t h e  
dom inant s e d im e n ta r y  s t r u c t u r e * 5' 
Gas h ea v e  s t r u c t u r e s  a r e  p r e s e n t* 5' 
Gas b u b b le  t e x t u r e s  ab u n dan t on  x -  
r a d io g r a p h s* 2’
U n it  w e ig h t
W ater c o n t e n t  
L iq u id  l i m i t  
B u lk  d e n s i t y
Comp. in d e x
= 1 5 .1 - 1 7 .8  
KN/m3*2'
= 26% (n = 2 ) *2'
= N ot a p p l i c a b l e  
= 1 .5 3 - 1 .8 1  
g /cm 3*2'
= 0 .1 1 5  MBS 
0 .2 2 7  MBSO
SP ( 2 )
V ery d iv e r s e * 8'
F r e sh  w a te r  Cyprid s p .* 2' 
Burrow m o ttle d * 13'
No in fo r m a t io n
Comments : B a r - f in g e r  sa n d s  a r e  m o d if ie d  
d i s t r i b u t a r y  m outh b ars* 8'
R e fe r e n c e s  : xR o b e r ts  and v an  H eerd en , 1 9 9 2 .
2K u ech er , p r e s e n t  s t u d y .
3van  H eerd en , 1 9 8 2 .
4G a llo w a y , 1 9 6 8 .
5Colem an e t  a l . f 1 9 6 4 c .
6Colem an and P r io r ,  1 9 8 2 . 
7W eim er, 1 9 7 3 . 
eF i s k ,  1 9 5 4 .
9G a llo w a y  and H obday, 1 9 8 3 . 
10Colem an and R o b e r ts ,  1 9 8 9 . 
u F is k ,  1 9 6 1 .
12R o b e r ts ,  1986b .
13D o n a ld so n  e t  a l . ,  1 9 7 0 .
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Beach sand
Sediment type
Color
Sedimentary structures
Physical properties
Unified soil classif. 
Fossil content 
Bioturhation
Comments
References
F in e  sa n d , m ed ian  g r a in  s i z e  .1 3 0 -  
.1 5 1  mm a t  Grand I s l e (4)
F in e  sa n d . Bayou L a fo u r c h e  b e a c h ,  
0 .1 8 - 0 .2 0  mm; T im b a lie r  b e a c h  
0 .1 4 - 0 .2 0  mm(6)
N ot r e c o r d e d
Wave r i p p l e s ,  hummocky c r o s s  
s t r a t i f i c a t i o n ,  s c o u r  s u r f a c e s ,  
h ig h  a n g le  c r o s s  s t r a t i f i c a t i o n  in  
tr o u g h -sh a p e d  s e t s ,  ca p p ed  by  
r o o t e d  z o n e (1)
U n it  w e ig h t  
W ater c o n t e n t  
L iq u id  l i m i t  
B u lk  d e n s i t y  
Comp. in d e x
= 1 9 .7 2  KN/m3(4)
= 24%(4)
= N ot a p p l i c a b l e  
= 2 .0 1  g /cm 3(4)
= 0 . 0 4 7 (4)
SP(4) (Cu<6; 1>CC)
Storm  d e p o s i t s ,  few  i n - s i t u (4)
P r e s e n t  a t  b a s e  o f  d e p o s i t ,  and a t  
t o p ,  m id d le  sa n d  s e c t i o n  a l s o  
rew o rk ed , b u t a p p ea r s  m a s s iv e (1,2,4)
A v era g e  d e p o s i t i o n a l  p o r o s i t y  i s  
47% and c o m p a c tio n  a s s o c i a t e d  w ith  
b u r ia l  t o  17 m e te r s  i s  m in o r (5)
S h o r e fa c e  on  b a r r i e r  i s l a n d  sa n d  
b o d ie s  h a s s i m i l a r  c h a r a c t e r i s t i c s  
t o  b e a c h , w it h  e x c e p t io n  t h a t  t h e  
b a r r ie r  i s  a h ig h e r  e n e r g y  d e p o s i t  
and o f t e n  c o n t a in s  m ore s h e l l ,  
sto rm  d e p o s i t s (2,4)
^ cC u b b in  e t  a l . ,  1 9 8 1 .
2D a v ie s  e t  a l . ,  1 9 7 1 .
3van  H eeden e t  a l . ,  1 9 7 2 .
4K u ech er , p r e s e n t  s t u d y .
5A tk in s  e t  a l . ,  1 9 9 2 .
“K olb  and Van L o p ik , 1 9 6 4 .
281
Point Bar Sands
Sediment type
Color
Sedimentary structures
Physical properties
Unified Soil classif.
S an d , w it h  w id e  r a n g e  o f  g r a in  
s i z e ,  ca p p ed  by g e n e t i c a l l y  
r e l a t e d  mud d r a p e l3). F in e  
g r a in e d ,  w e l l - s o r t e d  sa n d ,  
m ed ian  g r a in  s i z e  1 5 2 -1 7 7  mm( 2 )
M oderate y e l l o w i s h  brown ( 10YR 5 /4 )  
t o  d ark  y e l l o w i s h  brown (10YR 4 / 2 )  
i n  sa n d  b od y; p a le  brown ( 5YR 5 /2 )  
t o  m o d era te  y e l l o w i s h  brown  
( 10YR 5 /4 )  i n  h o r i z o n t a l  b e d s  a to p  
u n i t  a t  P la q u e m in e (2)
C o n to r te d  , c o n v o lu t e  b e d d in g  a t  
b a s e  o f  u n i t ,  a l t e r n a t e  c l im b in g  
r i p p l e -  d r i f t ,  f e s t o o n  and  
l e n t i c u l a r  x -b e d s  c h a r a c t e r i z e s  
t h e  m id d le  o f  t h e  p o in t  b a r ,  
h o r iz o n t a l  b e d d in g  and p a r a l l e l  
la m in a t io n s  o c c u r  in  mud d r a p e s (2) 
T rough and c r o s s  p la n a r  b ed fo rm s  
a r e  common i n  t h i c k  c h a n n e l  
s a n d s (9)
Load c a s t s  fou n d  a lo n g  t o p s  o f  
c la y - s a n d  c o n t a c t s (9)
F in in g  upw ards s e q u e n c e ,  i . e .  
m a s s iv e  and c o a r s e  g r a in e d  a t  
b a s e ,  l a r g e  r i p p l e s  and f i n e  
g r a in e d  a b o v e , c y c l i c  h o r i z o n t a l  
and s m a ll  s c a l e  x -b e d s  n e a r  MWL(10) 
V e r t i c a l  s e c t i o n  c o n s i s t s  o f  
c h a n n e l l a g  a t  b a s e ,  f o l l o w e d  b y  
p a r a l l e l  la m in a e , f o l lo w e d  by  
u n im od a l c r o s s  s t r a t i f i c a t i o n ,  
w h ich  i s  o v e r l a i n  b y  c l im b in g  
r i p p l e s (6)
U n it  w e ig h t  
W ater c o n t e n t
L iq u id  l i m i t
B u lk  d e n s i t y  
Comp. in d e x
1 8 .4 4  KN/m3(2) 
23%(2)
25-45% l7)
26-79% (8)
30-55% (7)
31-87% (8>
1 .8 8  g /cm 3(2)
0 . 0 6 3 <2)
SP i n  c o a r s e  g r a in e d  u n i t s ;  SM and  
SC in  f i n e r  s i l t y  sa n d s  and c la y e y  
s a n d s ,  r e s p e c t i v e l y 125 
SM s i l t y  sa n d s  and ML s i l t s (7)
282
Ostracode content 
Bioturbation
Diagenetic cements 
Comments
References
s F r e sh  w a te r  Cyprid s p .  o n l y (2)
s R oot d i s t u r b a n c e ,  a n im a l and i n s e c t  
burrow s p red o m in a te* 21
: F e r r ic  n o d u le s (2)
: C h a r a c te r iz e d  b y  s e r i e s  o f  s w a le s  
and r i d g e s ;  t h e  fo rm er  a s i t e  o f  
c l a y  d e p o s i t i o n ,  t h e  l a t t e r  a r e a s  
o f  s i l t y  sa n d  o r  sa n d y  s i l t ,  
u n d e r la in  by  c l e a n  san d s*71 
D u rin g  f l o o d s ,  t h e  b a s e  o f  t h e  
c h a n n e l e r o d e s ;  a s  t h e  f l o o d  
r e c e e d s , i t  r e - d e p o s i t s  an  
a p p r o x im a te ly  e q u a l  amount*91 
C han nel m ig r a t io n  o c c u r s  a s  t h e  
o u t s i d e  bank o r  " cu t bank" slu m p s  
i n t o  t h e  t h a lw e g ,  and a l a t e r a l  
sa n d  b a r  i s  d e p o s i t e d  on  t h e  
i n s i d e  bank*41 
A p o in t  b a r  may b e  a s  t h i c k  a s  t h e  
d e p th  o f  t h e  r i v e r ,  i . e . ,  a  
M i s s i s s i p p i  R iv e r  p o in t  b a r  c a n  b e  
20 m eters* 3)-5 2  m e te r s 11 t h i c k .
s R o b e r t s  and v an  H eerd en , 1 9 9 2 . 
2K u ech er , p r e s e n t  s t u d y .
3R e in e ck  and S in g h , 1 9 7 3 .
4S m ith  e t  a l . ,  1 9 8 6 .
V a n  H eerd en , 1 9 8 2 .
6K le in ,  1 9 7 2 .
7K olb  and S h o c k le y ,  1 9 5 7 .
M on tgom ery , 1 9 7 4 .
9C olem an e t  a l . ,  1 9 6 4 c .
10L e B la n c , 1 9 7 2 .
“ C olem an, 1 9 8 6 .
APPENDIX C:
RECONSTRUCTED THICKNESS, TB VTBRACORES
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De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Compaction Algorithm  
TB 90 - 03 Vibracore
Recovered Core 
% sand 
100 50 0
Reconstructed Thickness 
% sand 
100 50 0
0
x 1.60 (.62 R)
1
2
Core = 2.21 rri 
Comp = 0.87 m
3
T.D. 3.08 m
-  0.88
3.18
(+3.2%)
De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Compaction Algorithm 
TB 90 - 06 Vibracore 
Recovered Core Reconstructed Thickness
% sand % sand
100 50 0 100 50 0
0
x 2.00 (.50 R)XXX
XXX
XXX
XXX1
2
3
4
5
Core = 5.06 m 
Comp =1.77 m
6
1.20
2.16
3.48
4.17
6.76
(-1.0%)
7 T.D. 6.83 m
De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Compaction Algorithm  
TB 90 - 08 Vibracore
Recovered Core Reconstructed Thickness
% sand % sand
100 50 0 100 50 0
0
0.6 t  
0.1 ka X 2.15 (.47 R)
1
2
3
4
Core = 3.94 m 
Comp = 2.39 m
5
6
T.D. 6.33 m
0.06
1.67
1.95
2.30
2.53
3.13
3.41
4.67
5.91
(-6.6%)
De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Compaction Algorithm  
TB 90 - 09 Vibracore
Recovered Core 
% sand 
100 50 0
Reconstructed Thickness 
% sand 
100 50 0
0
x 1.85
1
Core = 1.24 m 
Comp = 1.12 m
2
z m t r ^ g ____
T.D. 2.36 m
2.29
(-3.0%)
3
De
pt
h 
(m
)
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Reconstruction of Original Thickness
Based on Compaction Algorithm
TB 90 - 10 Vibracore
Recovered Core Reconstructed Thickness
%  s a n d  %  s a n d
1 0 0  5 0  0  100  5 0  0
0
x 1 .7 0  ( .5 9  R)
1
x m
XX XX2
XXX3
4
5
6
Core = 6.33 m 
Comp = 1.37 m
7
T.D. 7.70 m
1.02
2.01
2.96
3.74
4.92
5.57
7.25
7.87
(+2.2%)
De
pt
h 
(m
)
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0
R econs truc tion  o f O r ig in a l Th ickness  
Based on  C o m pa c tion  A lg o r ith m  
TB 90 -1 1  V ib ra co re
R e c o v e r e d  C o r e  R e c o n s t r u c t e d  T h ic k n e s s
% s a n d  %  s a n d
1 0 0  5 0  0  1 0 0  5 0  0
8
x 1.72 (.58 R)
i m
Core = 6.82 m
Com p = 1.31 m
 JJ^ S Jam  t_
0.72
1.29  
1.71
2 .75
3 .48
5 .29
8.28  
(+ 1 .8 %)
De
pt
h 
(m
)
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Reconstruction of Original Thickness
Based on Compaction Algorithm
TB 90 - 12 Vibracore
Recovered Core Reconstructed Thickness
%  s a n d  %  s a n d
1 0 0  5 0  0  1 0 0  5 0  0
J----- rJ-----— ____________________    I_ L,
8
x 1 .7 0  ( .5 9  R )
5
x  1 .0 3
Core = 7.09 m
Comp = 1.19 m
-  2.52
-  3.36
T.D. 8 .28  m
-  1.28
-  4.92
5.59
8.48
(+ 2.4%)
De
pt
h 
(m
)
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R econstruction  o f O rig in a l Th ickness 
Based on C om paction A lg o r ith m  
TB 90 - 13 V ibracore
Recovered Core Reconstructed Thickness
%  s a n d  %  s a n d
1 0 0  5 0  0  100  5 0  0
6
Core = 6.28 m 
Comp = 1.32 m
8
x 1 .5 2  ( .6 5  R)
s N
T.D. 7.60 m
1.17
2.83
3.34
3.74
4.22
5.01
5.96
7.98
(+3.7°/c
De
pt
h 
(m
)
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100  50
Reconstruction of Original Thickness
Based on Compaction Algorithm
TB 90 - 14 Vibracore
Recovered Core Reconstructed Thickness
% s a n d  % s a n d
100  5 0  00
0
x 1 .5 5  ( .6 5  R )
1
2
3
4
5
6 Core = 5.73 m 
Comp = 1.04 m
T.D. 6.77 m7
0.78
1.54
2.39
3.08
3.66
4.94
6.85
(+1.2%)
De
pt
h 
(m
)
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R econstruction  o f O r ig in a l Th ickness 
Based on  C om paction A lg o r ith m  
TB 90 -1 5  V ib raco re  
Recovered Core Reconstructed Thickness
% s a n d  %  s a n d
5 0 0100 100 05 0
0
X 1 .7 5  ( .5 7  R )
0 .7 5  i  
0 .0 8 k a1
2
3
4
5
6
Core = 5.95 m 
Comp = 1.47 m
7
T.D. 7.42 m
1.23
1.77
2.69
3.93
6.64
7.52
(+1.3%)
De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Compaction Algorithm  
TB 90 - 16 Vibracore
Recovered Core Reconstructed Thickness
% sand % sand
100 50 0 100 50 0
0
x 1.80 (.55 R)
1
2
3
4
Core = 4.31 m 
Comp = 1.36 m
5
T.D. 5.67 m
-  0.77
L 1.78
2.42
2.63
h 3.80
4.16 
4.29
5.57 
( -1.8%)
* I propose a recording mistake in measuring the compaction of this core.
It is very unlikely this core would have experienced more than 1.36 m of compaction.
De
pt
h 
(m
)
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R econstruction o f  O riginal T hickness
Based on  C om paction A lgorithm
TB 90 - 17 Vibracore
Recovered Core Reconstructed Thickness
%  sand  %  sand
100  5 0  0  100  50  0pi------------------------- -- ,-,-------  L
8
x 1.70 (.59 R)
0 .5 4  t  
0 .06  ka
2 .8 0  + o — 
0 .13  ka
Core = 7.21 m
Comp = 1.65 m
0.85
-  1.53
-  2.97
-  3.89
4.72
5.21
5.79
-  7.2.6
8.79
(-0.84%)
T.D. 8 .86  m
De
pt
h 
(m
)
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0
Reconstruction of Original Thickness 
Based on Compaction Algorithm  
TB 90 -18  Vibracore
Recovered Core Reconstructed Thickness
%  s a n d  %  s a n d
100 50 0 100 50 0
r a
yS> A
it y vi
TTTU
Core = 4.29 m 
Comp = 1.60 m
X 1.75 (.57 R)
■$9
(■a%
v  -o,,<3> \
' '  \
\< P , \  -X 
+ s' ^  \
/ - x  ' 9 ~  N s
T.D. 5.89 m
-  1.58
-  3.25
-  4.11
-  4.55
-  5.00
-  5.65
5.93
(+ 0 .6% )
D
ep
th
 
(m
)
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Reconstruction of Original Thickness
Based on Compaction Algorithm
TB 90 - 21 Vibracore
Recovered Core Reconstructed Thickness
%  s a n d  % s a n d
100 50 0 100 50 0
0
X 1.53 (.65 R)
0.86
1
1.942
3
3.39
4 4.04
Core = 4.61 m 
Comp = 1.32 m
4.84
5
5.92
(-0 . 1%)6 T.D. 5.93 m
De
pt
h 
(m
)
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Reconstruction of Original Thickness
Based on Compaction Algorithm
TB 90 - 22 Vibracore
Recovered Core Reconstructed Thickness
%  s a n d  %  s a n d
100 50 0 100 50 0
0
x 1.70 (.59 R)
1
2
■o
4
5
6 Core = 5.81 m 
Comp = 1.46 m
7
T.D. 7.27 m
1.70
2.21
3.12
4.28
5.14
7.39
(+1.7%)
De
pt
h 
(m
)
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R econstruction o f O riginal T hickness
B ased  on C om paction A lgorithm
TB 90 - 23 V ibracore
Recovered Core Reconstructed Thickness
%  s a n d  
1 0 0  5 0  0
%  s a n d  
1 0 0  5 0  0
0
X 1 .7 3  ( .5 8  R )
-0.871
-1.94
2
-2.46
3
-3.45
o.4 -4.12
-4.43
5 •<?<
•o- -5.86
6
-6.63
Core = 6.66 m 
j Comp. = 1.22 m -7.18
' 8.24 
[_(+ 4.6 %)T.D. 7.88 m Ol - ____8
De
pt
h 
(m
)
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R econstruction o f O riginal T hickness
Based on  C om paction A lgorithm
TB 90 - 24 Vibracore
Recovered Core Reconstructed Thickness
% s a n d  %  s a n d
100 5 0  0  100  5 0  0
0
x  1 .6 5  (.61  R)
1
-1 .45
2
- 2.913
■o-
- 3.54
4
Q,
-4 .67
5
- 5.75
■ o ,.
6
Core = 6.67 m 
Comp = 1.00 m7
8.08
(+ 5.3 %)T.D. 7.67 m8
De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Compaction Algorithm  
TB 90 - 09 Vibracore
Recovered Core Reconstructed Thickness
% sand % sand
100 50 0 100 50 0
0
x 1.85
1
Core = 1.24 m 
Comp = 1.12 m
2
J(XXl 4 ^ ____
T.D. 2.36 m
2.29
(-3.0%)
3
APPENDIX D:
RECONSTRUCTED THICKNESS, AC VIBRACORES
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De
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h 
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Reconstruction of Original Thickness 
Based on Photographic Enlargement
Recovered AC - 19 - 93
Core
0
100
% sand
Photo-enlarged 
Restoration 
(x l03  %)
% sand 
100 0
XX
* x xR o s e a u
XX
A n c ie n t  YYpeat JSi
C a n e
M a r s h
/■v
Core = 6.71 m
Comp = 0.18 m
XX
XX
XX
J X
XX
T.D. 6.89 m
De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Photographic Enlargement 
AC -18 - 93
Recovered Photo-enlarged
Core Restoration
(xl23 %)
% sand
100 100 00
0 XX
1
2
3
4
5 Core = 4.72 m 
Comp = 1.19 m
T.D. 5.91 m
De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Photographic Enlargement
AC -17  - 93 ,Photo-enlargedRecovered
Core Restoration 
(xl09 %)
% sand% sand
00 100100
0 x-xx-xx-x
XiX.
I <L
XXX
x-xx-xx-x
XrX
I A.
XXX1
2
o
3
o
4
5
6
Core = 5.92 m
Comp = 0.52 m
T.D. 6.44 m
306
Reconstruction of Original Thickness 
Based on Photographic Enlargement 
A C -2 0 -9 3  t J
Recovered Photo-enlarged
Core Restoration
(x!19 %)
% sand % sand
100 00100
0
1
2
3
4
^ Core = 4.88 m 
Comp = 0.87 m
T.D. 5.75 m
De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Photographic Enlargement 
AC - 29 - 93
Recovered Photo-enlarged
Core Restoration
(xl03 %)
% sand % sand
100 100 0
0
/"X
XX 
XX 
XX
- X
XX
/X
4
5
Core = 5.75 m
Comp = 0.09 m T.D. 5.84 m
De
pt
h 
(m
)
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Reconstruction of Original Thickness 
Based on Photographic Enlargement 
AC - 31 - 93Recovered Photo-enlarged
Core Restoration
% sand % sand
100 0 100 0
0
1
2
3
4
Core = 4.30 m 
Comp = 0.49 m
5 T.D. 4.79 m
De
pt
h 
(m
)
309
Reconstruction of Original Thickness 
Based on Photographic Enlargement
AC - 33- 93
Recovered Photo-enlarged
Core Restoration
(xlO7 %)
% sand 
100 0
0
% sand 
100 0
1.85 m
Core = 5.40 m
Comp = 0.34 m
(-5.9 % short) T.D. 5.74 m
De
pt
h 
(m
)
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Reconstruction of Original Thickness
Based on Photographic Enlargement
AC - 35 - 93
Recovered Photo-enlarged
Core Restoration
(xllO %)
% sand % sand
0100 100 0
0 X-X
X-X
X-X
X-X
X-X
X-X
1
□
2
3
CD
4
5
Core = 5.27 m
Comp = 0.48 m
T.D. 5.80 m
De
pt
h 
(m
)
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Reconstruction of Original Thickness
Based on Photographic Enlargement
AC - 35 - 93
Recovered
Core
% sand
Photo-enlarged 
Restoration 
(xllO %)
% sand
0 100 0100
0 X-X
X-X
X-X
1
□
2
3 □
□
4
5
Core = 5.27 m
Comp = 0.48 m
T.D. 5.80 m
APPENDIX E:
ACCESS AND INDEMNITY FORM, CP
312
Agreement
F or good and valuable consideration, receipt of which is hereby acknowledged, 
Landow ner does hereby grant to Board of Supervisors of Louisiana State University and 
A gricultural & M echanical College (LSU) access to  the following property owned by 
 _________ (Landowner)
described as and located a t _______ ___________________
whose mailing address is
for the purpose of conducting geologic research by use of, in part, a Geotechnical Cone 
Penetrom eter Truck fo r (Project N am e)____________________________________________
and LSU does hereby agree to indemnify and hold harm less the Landowner from  any and 
all claims, demands, damages, costs, expenses, loss of services, actions and causes of action 
of any kind brought against o r sustained by the landow ner or which may hereafte r be 
brought against or sustained by the Landowner and which arise as a result of the 
operations described herein.
In  witness whereof, the parties hereto have executed this agreement in duplicate on 
th i s ________ day o f ____________________ , 19____ .
Recommended by LSU College or Departmental Representative:
S ig n a tu re :_____________________________________________________
Nam e (P rin ted ):________________________________________________
T it le :__________________________________________________________
For Landow ner:
S ig n a tu re :____________________________________________________
Name (Prin ted): _______________________________________________
For Louisiana State University:
S ig n a tu re :____________________________________________________ _
Name: .Terry I ._Baudin__________________________
Title: V ice  C h an ce l lor  for Business A ffa irs  and Comptroller
APPENDIX Fs 
UNINTERPRETED SEISMIC PLATES, SEI, INC.
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B B'
G olden M eadow  F a u lt L ake  H atch  Fau lt
. ■
TWT
m m $ i
& , is
i ; - . >
iSSspasS®
nsBid
JjjBTOTOaWWBEMJ®**^
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seventh of Robert and Kathleen Kuecher's thirteen children.
He was raised in rural northeastern Illinois, approximately 
20 miles southwest of Chicago.
Gerald graduated from Western Illinois University with a 
major in Earth Sciences in 1973. Following graduation,
Gerald taught high school Earth Science, Geography, and 
General Sciences for three years at Morton West High School 
in Berwyn, Illinois. Amoco International Oil Company hired 
him as a petroleum geologist in 1976, where he gained work 
experience in West Texas and in Trinidad, West Indies.
Gerald left Amoco after 3.5 years, and returned to 
school for his Masters Degree in Geological Sciences at 
Northeastern Illinois University. His thesis, entitled 
"Rhythmic sedimentation and stratigraphy of the Middle 
Pennsylvanian Francis Creek Shale near Braidwood, Illinois," 
was funded by working as a part-time consultant to Argonne 
National Laboratory.
Marathon International Oil Company employed Gerald in 
1982 following his Master's Degree. His first 3.5 years with 
Marathon were spent working Marathon's massive venture into 
Egypt's Gulf of Suez and the offshore Mediterranean. Two 
wildcat discoveries were made due to these efforts. In 1986, 
Gerald, his wife, Jean, and daughter, Krisann, were 
transferred to Jakarta, Indonesia. During his 3.5 years
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living in Indonesia, he became an expert in rift tectonics 
and dipmeter interpretation. Gerald played softball in the 
Jakarta ex-patriate leagues and was named to the Jakarta All- 
Star team for three consecutive years, one team of which won 
the Southeast Asian World Series. His second daughter,
Laura, was born in Singapore in 1986. Tragedy struck their 
family in December, 1988, when they received news that Jean's 
brother and wife were killed in an accident by a reckless 
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and became legal guardians of their surviving two children. 
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children! The new family of six returned to Jakarta where 
Gerald worked until he was transferred back to the U.S. in 
August, 1989.
In the meanwhile, Gerald and his wife decided that upon 
return to the U.S., they would return to school for Gerald to 
pursue his doctorate degree at LSU. He finished his course 
work in December, 1990, and passed his Generals Examination 
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professional articles and abstracts.
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